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Change 1557 to 1958
Change last iord to stations .

Figure 12 caption, change Veligh to Neligh

In sixth paragrach, after first sentence, change to: The size
of 2 hallstcne is zore important than its speed in determining

possible damsge o both stationary and moving objects. FKowever,

the speed of an aircraft in Night is an inporfant addir.onal
factor in determining degree of damage to the aircraft. For
this reason . . . ’

Figure 16 csptiox.n,. change date to 26 July 1938

For Statiom ifs. 351, under Total, change ) to 2

For Station Ne. *5°, under Total, change 1€ to 6

For Station Mo. 376, uncer Total, change 1 to 9

For Station No, 519, change line ‘o read:
20 0 # 0 *» « 1 0 0 0 0 0 0 1

For Station Mo. 555, under May, change k to 1

Por Station ¥o. 637, under Total, change 1 to #

For Abilene, 1545, under Amaual, change O to 9

For Pocatello, 1547, under Jrn, Jul, Avg, change to 1 2 O
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) co. [
Major General Andrew I. MeXamara ' : '3’_ ¢
The Qua -temmaster General . )
Washington 25, D. C. ~ ' ©

- Dsar Cznera)l ¥cNamara:

T is report. “Hail Size and I"Jtﬂ:!-‘tlm, describes the world-wéde
HistilLution of haﬂ, particularly of "true hail" tzat can damage
~ilitasy zqwiprent and shelters., It discusses danaze caused by large
7ilste2s, and cites instaries ia which hesvy showers of smaller hail-
stones have blocked roads and disrupted communications.

. . Size ot hailstones deter~ines their impact velocity, which may
exceed 10C riles per hour. Studiss of occurrence of hail show that
- Jand aress totween 50° and 50° Xorth latitude are most subject ¢o fre-
’ guznt sterms, Outside these areas storms are iess Zrequent und seldne -
destructive, . T ar
. W 7 4
Iaformitior in this report will emable planners to decide where = - = {5
nail constitut:s 3 problem to nmilitary operations, and will assist de- b }*,
sign englinesrs {5 establist enviromental criteria for the deagn and tr " })J

*
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forevord i

To insure thai Army materiel and equipmert are capable of satis- )
Tactory performance, iL is necessary to ervaluate the effects of weatter
on such materiel. Criteria lfave beenestadlished for guidance inthe -
desimm of equimment that will encounter extreze tezperatures, rainfall, .
wind, huxidity. and such weather phenouena. less freguent phsnomenz,
such as hail and glaze, ave rore difficult to evaluate becanse of in-
Trequent occurrence and inadejuate- sbservation data.

Tables of days of hail at 656 weatter statlons throughout the
world show the areas of areatsst frequency. The cccurrence of varicus
izes of hailstones and review cf experiments tiat show the approxizal:
size that will darage military equipgment are given, with theoretical max-
imm sizes and speeds cf fall. Photograpks are inciuded of large hail-

stones that damaced wehicles, and accuxulated zasses of smaller stores
that blocked roads. -

Tt

AUSTIN EENSTEL, PhLD.
Chief ;
Invironzental Protection Research - 2
Division ;':-
rL‘\
Approved: i};:

 JA¥ES C. FMATECAL, Colamel T Y
Commarding Officer T

MR and E Center laboratories
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Basic information is provided on freguency of occurrence and
geozraphical distribution of hail throughout the world. Principal
theories of hail growth and the factors which lizit the man=zu= size
of hailstones or. discussed. Theoretically the maximum size of a single
hailstore s 5.2 inches in diazeter and maxicur weight is 1.52 pourds.
This size aprroaches very closely that of the largest lailstone offi-
c¢ially recorded by the U.5. Weather Bureau: 5.4 inches in diazeter avd- - -
1.5 vounds in weight. : . B Ty

Five tables surmarize frequencies of kail at 656 staticns through-
out the world, and show ihat areas between 30° and 50° %. latitzde-are .-
most affected. 3Zight maps coverirg =osi of the nog-polar continental .
areas show station locations. :

Maximum occurrence of true hail in the Tnited States is in the °
plains of the Mississirpi 7alley, and the plateaus east of the Socqg
¥ountains. In this "hail belt,® 25 weather stations recorded 125 or
rmore diys of hail during a 4LO-year period. Hecords of tlese stations
from 1540 5 1949 show wide warzation from yes~ %2 year at jndiwvidual
stations, and between stations within a single year. Photograrss and
descriptions give examples of hail damage and accumulations of Lailstones.

Hail is infrequent in Canada and Mexico, excer: in mountain stations
in Mexico. Central Zurope sxperiences mcderate summer hail, wiile Sreat
Britain and the Scandiravian tountries receive zost of tteir 2all in the
winter. In the Mediterranean area and Soviet Union, there is iittle hail.

Africa, South Arerica and Australasia receive little kail sxcert at
high altitades and more southerly latitudes,” althouzh there Lave Seen
freak storms in those continents and other parts of the world witk.heavy
resultant damage. India and northern Japan receive more hail tzan any
other countries in Asia.

Information is prosented on studies by the Weather Zareau and Inited
Air Lines aiving the ratio of thunderstorzs 1o hLailstones as arcund 10 to
1, or less, for about two-‘hirds of the Urited States. These and sizilar
studies also show that a reporting network of 1 weather statisn Ior every
4 square rmiles would be required to produce rerreserntative figures of
area hail frequency; an even closer networi would be needed tc study
finer details of individual hailstorms Such a retworx of we:ther
stations is impracticable because of the nigh cnst.
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1. TTRCTTION ' I STy GBRRE
_— . ot
Tne Environzental Protection Research Duvislon of the Quartermaster R
Research and Ingineering Corxmand is interested in the effects of environ- Rt
sert on men and materiel. The Envircmmental Analysis Brancn evaluates the }
er7ironrental factors relating to military needs and desxgn. In this con- S

saxt, ka1l is considered a military rroblen.

#3311 is an inadeguztely cbserved anl reprorted weather prenozenon.
There is nc part of the werld, except s:a.l areas where r.ic*oclimat..’-.c stud-
ies tave been rade, where s..rface data on hail stomms are sufficient to give
an accurate ~icture of their frequescy and dzstrz'butmr:. Iven where hail 1is
re;orte.i, tne ¢ype and size of hailsione that falls is not classified. The
lack cf universal reguirezent that observers report classification of hail
{e.5.. craurel, szz11 hail, and true hail) thwarie any attemr: to draw even
=:::'..\al average distribition lires on any world-wide sc ale. ‘weither observa-
lons from ocean weatler stations with their coverage of cnly fragmentary
tc'-tr\ns of ocezn areas tell little of kail hazards at sea, altnough 1t is
1rown thal hallistorms are less freguemt cver the oceans. L.—\,-tant effects
of zeodraphical differences upon hail size and distribution thzt are in need
of investization cannot te Zelarmined ty znalyzing the availadle fregquency

data. .

However, useful informi-ion can be derived by the assextly and compila-
tizv. of all tre <bservations on surface nhal that are availadle around the
wor.d.

-

Zecsuse ih

2 reguirerent exists that zilitary equiprert will have to
ronmerts anare hail Is common, the proclem of hail is one vo
r establisning criteria for ...il- tary design.

overite in env:
te considered :

The information available, rertipent to an invdstigation of the effects

of %ail on 2l tary e%"v-e.._ cn: the grourd, consists minly o tables of
days of hail fzr 6‘6 weat-er stzticns throughout the world (Appendix A).
here are alsc <3bles of days of kail and thunderstorms for 28 stations in

<

tha "nited ftates thar had the rreatest hail fregquency during a iC-year per- f "' AR ~:.: ]
if‘:. Accrurts of loss and ‘ilustrations of desir:ctive hailstorms that have ‘\-k \\\M\\.‘t\‘-\‘—‘. ’t(‘*
dirared stuxtionary and zocile eguipnert are included in this report.

y \..‘«.{ w.\».-&. o
*\ C\\"'- SANEE 2 AZAA X
‘.\b-}. " _‘ﬁ-\- \’ ',p.\‘\'\
alttoush the study of %31l is a nmiercclinatie protlem that carnot be 4

adenuztely solvel witnout closer retworis of radar detection ani surface re-

oy inc stations, tnis rerort should be an aid 1n answering gzeneral ingquires
» &

ke
3nd in Jelineat:ng areas of sreatest hail freguency an;'dhere in the world, -~
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2. Trpes

dail is usually classified in three tjres: “graupel” or sofi hail,
small hail, z2nd true hajl. Soft kail and sxail hail often sccur without
thurder, and generally in wirter months or in fugh latitudes. Soft kail
is usually accompanied by snow and 1s crumbly; it ranges in size from
coarse shot to small peas. Very little, if iny, dazase results frox soft
hail. Small hail is harder than soft hail, ut because of its size, rang-
ing frem only about .0% to .2 inch in diameter, causes ro aprreciabie
amount »f damae. The onlr type cf haili to be considered from the stand-
point Saf destruction is trat larger than 2t inch in dixeter — true
hail,

Trie_hail, the tyre wiih which ¢his repcrt is mainly concerned, falls
almost exclusively in vislent 4™ ~—derstorzs, but never when surfase air
temperature is below freezins,

The type of hail tc fall generally 3derends upon ithe altitude of the

00 C isctherm. If the isoilan: is close to the groumd, either small hafl
or graupel is formed. If it is higher, above approximately 4 im. (2.5 mi)
with surface temreratures in the 20's (F) (26.7° to 31.7°Cand cuxuloniabus
clouds present, true hail is likely. hen the isotherm is still higher as
in- tropical regicns, and afier midsurmer in tne temperate zones, hail seldom
reaches ‘he ground. This, soze meteorologists claia, explaine ¢»a relative
scarcity of hail in Lhe trogpical regions and in lew latitudes.26  The ex-
cessive heat in the lower layers of the atroscthere welts the hailstones de-
fore they reach the surface. True hail 1s developed only when the cuzulus
cloud penetrates the 0° € Iscilerm and extends upward to about the -20°

level, thus insuring the formation of super-caojed droplets, ice crystals,
and snowflakes. Hydrometecrs =i one or more 2§ these forrs are necessary
for formition of all itypes of hail.

3. Cccurrence

‘o Hail ocsurs urder two zeneral condii:cns,.either during instability
d,- shcwers in a single air mass or during frontzl activity between two or more
W . air masses. Frental activity in the sprirs causes the annual maximum oc-
t‘: currence which diminishes zradially as convective-tyoe suxmer storms take
i) over. - .
1
:9: Frortal activity of th2 coid-from type is zost productive of Lail: the '::-,‘:
N most popilar breeding grounds are the squall-lire area of the active cald
N front. As the squall-line weatler is caused by convergence rather than pure
L 1iftin the front, i% results in the rossib:lity cf the rapii vertical o
. 8 ’ ] . -
:: diverzence necessary for the develoment of cuzilonimbus clouds and hail. N
}-:_ -
Ll .1
r::.v Instability showers zenerally occur as twD different ‘ypes: afernocm A
bote. 2orvective or “heat® showers, ard those resultirs from orographic lift. e
o S
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The convective storm is .leveloped from heat ziven off by the :arth's
surface due to solar radiatien, which causes an unstable condition with
warm air under cold air. The orographic type of instability shower oc-
curs when air moves up a slore to the cooling level of coadensation.d

2 hailstorm is usually of the same duration as a heat shower, last-
ing up to approximately 30 minutes, with about 15 minutes as an average.
The area covered by an intense hailstorm varies considerably, but the more
severe storms often extend over 1 to 2 square miles. Damaging hailstorms
may occur a:% time during the 24 hours, but most occur between 1500 and
2100 hours. -

4. Tormation

Hail may be considered in two classes according to hardness of cen-
ters: soft (graupel) and solid ice. It is zenerally accepted that a
solid ice center results frox the development of a water droplet, which is
carried aloft by vertical currents inte a region #here temperatures well
velow freezing change it frox a suodercooled drop 4o a frozen pellet which
becomes the nucleus of a Lailstone. Soft-centered hail rrobably starts as
a snow or ice crystal whick collides wiih super-cooled droplets to form a
graupel or soft-hail nucleus. -

There are three princirle theories on the actual growth of hailstones;
the multirle-1ift method, oroposed by Humphreys, > Srurt.? and 3rimminger;i8
tte lon3-fall metficd,.favore? ty Byers,” 5:hu.f.a:m,35 and Bilham and Belf;L
and a combinaticn of the two.<< :

The multirle-1ift theory pres.rnoses high vertical velocities which
ralse larze 2rors high above the O0OC isotherm, %0 formsmall railstones. The
stones fall out of tahis upper region, hit another updraft, and are carrisd
back to the urrer freezing levels. The laver structure of the concentric
spheres {Fias. 1 znd 2V §s'exrlained by several repetitions of the process.
This theory assumes there are air velocities carable of stepring the fall of
hailstones as large as ? or L inches (7.62 or 10.16 cm) in diameter and lift-
ins them. During the grouth of the hailstone, it drops from the ice-crystal
level down through the super-cooled area, building up a translucent shell.

A stronser current in the form of a gust blows the stone up again into thas
area of ice crystals an? snowllakes, where it is coated with an opague layer.
Thus the number of layera fcund cn a hailstone is a record of its history, as
the concentric rings in the cross-section of a tree trunk are a record of its
growth,

)
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The lonz-fall theoyry pres.pposes the growth of the hailstone in one
contirucus fall, duringz whick it captures super-conlied water drcplers that
lie in i3 j;ath throush the sibfreez:ng areas. Tre vertical speeds of air
need 02t be 35 great as those reguired by the multirle-1ife thLeory to build
larce stones. Speed is still a zain factor, however. The stone always
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Figure 1. Hailstones with concen- Figure 2. Hallstone showing concenmtric

tric rings, Richmond, Bngland, ring formation, Iowa City, Iows, 18 June
8 July 1893 (from Hann and 1940 (S;noto by C.A. Laird and R.K,
Suringl9d). Lynett).

a zreat 1i1ft back to upper levels s not necessary. The most ixportamt eircum-
stance seems to be the concentratiorn of the cuper-cooled droplets betwesn the
initial poinmt and the 02 € isotherm. One explanation is that the typesof layers
are Jetermined by the sur!gr:e conditionof the stone as it comes in contact with
the upar-cooled droplet.s.l )

Humphreys' experizments in wind tunnels, pilots' flights ém.o thunderstores
during the U.S. Weather Bureau thunderstorm project in Chio,-" and the applica-
tion of mathematical laws in the thermodynamic (multiple-lift) process of hail-
stone growth, yielded infsrmation on the complexi‘ies invclved in producing
hailstores of myriad shaves and structures (F!g. 3). Of considerable lmportance
is the maximum size of hailstone that can be foraed and its terminal welocity.

Table I, som Bilham and Rolf." gives data on the aerodynarics of larye
hajlstones. They set the theoretical raximum hailatone at about 1.4 pouds,
with 3 dlametar of approximately 5.2 inches.
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Bilham and Relf* drew these conclusions from their calculations:

. (1) There is a sudden and very large increase in the terminal
velocity when the hailstone attains a diaseter of about 4.5 inches.

() Hailstones will gow as locng as they are in a region where
ice ¢an be deposited; under otherwise ecual conditions, the time spent in
the region will determine the size.

(3) The time spent in the rezion will be governed by the vel-
ccity of the hailstone in relation %o the upsard current.

Schumann35 considers the theory of thermodynamic hailstone growth. He
claims that in the growth of the hailstone by the capture of super-cooled
water drops which lie in its path, the criucipal factors are average den~
sity, height at which the nucleus is fcrmed, average upward velocity of the
air, and concentration of ccndensed water in the region of the atmosphere
where the temperature is below 0° C. Ye also asserts that the beat of fu-
sion of the water which solidifies on the surface of the hailsione is
effectively dissipated, partly by ccnduction to the surrounding atmosphere,
but wainly by evaporation from the surface of the hailstone. However, as
the stone reaches the 0° C isotherm, i* can no longer rid itself of its
surrlus heat of fusion, and thus its growth and ultixate size are retarded.
Schumann concludes that, with a vertical wipd velocity of only 18 x;h and a
concentrativ.. of condensed water of 13 ax,m’ (.35 oz/7d3) a hailstone can
be formed 1rith a specific gravity of .€ and diireter of 3 inches.

Gerson M7 states that while the nucle:s remains in the below-freezing
zone, it acguires a mere or less concentric shell of rixe ice by: 1) fu-
sfon of coll:ding super-~cooled water drors, 2) congelation of impinging ice
rarticles, and 3) sublimation of water vapor. This theory closely parallels
that of Fumphreys.

L;_Harrisgnzz 1iscusses the effects of differential literation of latent
neat of fusion and sunlimation in the attending verti~al £3all of ice carti-
cies throuzh a cloud of super-cooledi water drcplets. After discussing the
development of a cutuliforrm cloud into a cumidonimbus and the formation of
water droplets, Harrison explains the growwi of hailstcnes with emphasis on
thermodynamic factors. He states that ¢wo concurrent related wechanisms ex-
ert 1 rrofound influence on thermodynamic conditions in the transformation
tc a cuwulonimbus cloud: 1) libaratin ¢f latent heat of fusion and 2} 1ib-
eraticn of latenrt heat of sublimation. Harrison comuines factors of both
the riltiple-1ift and long-fall theories, Ye believes the region between
‘he -4C7 and the 0° £ dacttermal layers anl possibly extending dowrward to
tre 49C layer is the rezion nf maxizrum arowth »f hailstones. Harrison also -
exrlains in detail the acticn of liquid and frozen hydrometeors on the ver- -
tical currents of a cumulonimbus cloud.




Gavinla =i !-"xert.»su’ discount the necessity of sirong ascending cur-
rents in clouds for hail formation. They calculate the time and speed of
fall of srwine hailstones in a standard atmosrhere at rest, The time of
fall throuoh the firet 4 bw (2.521) is caleulated to be aboul 5 minutes.
They explain the zlternate layers of opague and clear ice as the result of -
the surface coniition of the stone, i.e., a wet surface gives a transparent
layer and a dry zurface gives an ciansze layer. They give a tentative des-
cription of the growth of large }'azls'..ones, explainins %c« ascending motion,
turbulence, eiectrical rhesomena, Liser absolute huxidity, and greater
cloud heights permit arowth of larser haiistones. They cizin there is nmo
evidence of vertical currents com-arable in speed with that of falling

ilstones.

- -L\ '&,"
r._‘-x :- 1/‘.\‘.'\4.{'

Brers ani Sratar, 11 in many observstions of thunderstorms sver Florida,
found no vertical speeds greater tunin 120 fi/ses. However, it must be roted
a2t very few rillstores reach the ground in Florida.

Sersarll states that the degree of wetaess of hail is deterained by
factors which control the heat ¢ransfer in 4le 3mmedlaze vicinity of the
hailstore dirins its 1:fe.  He lists tbese facters: 1) initial tempera-
ture, mass, and physical rroperties of the stope, 2) integrated changes in
the temperature, rass, and rhysical rropefties of the store over the time
considered, 3) relative velocitiss of tie stome and surrouniing air, 4) con-
di‘.inns of the s :rrouanding air, Inciudine temperature, li:_zid water and

2y vapor comient, anl S} rressirs, number, size, zass, texreralie, and .
.n;\xrl‘,y concentr :io.. af the drors of water.

Cns of ¢
is the c~nsiderat
rrw

ke rtereciing sv.‘b,e"e % the s’udy of itre Torsaticn of hail
Ion of the irresilar slhapes, discussed by _arenberg.+ He
yoints oul thiz Jamn.d” publishirg a :r.o'.:.::'aﬂ of an 3::—5?.aped hailstone,
states th-l such stones arreared to be segwerts of a s;here, formed by ex-
Plosions of balls ¢f ice  Arenters :alculsted the rate sf he3t loss from a
sphiere, as-uminz z stesdy state cconiition, and arrived it the nicleus size
which could e :".':zer: :!":'ing a specl

.

‘ 2ified oeriod of time. Coordinating his
v theory with Schumsar's work, arentars assures tne nucleas 20 de a large rain y

s . . - ] =
3 drop «hict has :-3._:-:: ‘: Treeze.  He alsd assumes proportions Telween solids b e S O
. ard liguids thit &rull maintain the szherical form "Sirce sclid crystals RS eI
N e I .'\\x\_.‘\. }\_"»_*.\.
. prevent comvectionm, the suter lsyer wuld freeze first. Iollection of su- ,". N ;:ﬂ.' VR
n‘" par=cnoied drerless ty dhe outer surfsce wduld raintairn tae sicne's tenver- ) —
- a‘ure 3% 0F C throusheut. Grsever, further growth would 4ake place due 1o o
J conducizmn, 1o freeze tle -:qu;d irside. il=0, due to Increased rressure,

¥

[}

the freeziny roint wedlld b2 siizhtly lover st the center than at the sur-

£ face. If 2 hitisttre trat tas reachez 12 to 2 inches :- ":a...eter is sudcen-
o Iy travclerrrd L7aarl Lo a pring where ine cemter tezins to freeze, the
. chanse of styte anild jeveloy trezenious intermal pressire. Thus the stone

Lodr g
)

wo:ld eq-lode, forming polrzomz]l —~—rarids with ..r.ﬂ. ezl bazes (see Fig. 3).
arenbers sunrorts his conclusions t;,- using anformaticon on the lensile

strenath, ~odulus of elasticiry, ind cozpressitil:ty of ice at low tempera-
tures.
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Johnson?l states that examination of some broken pdecés of hail shows
clainly that trey are frarments of a larger spherical stone of apout 30 zm
{1.1? in) in diazeter, in which the opaque and translicent layers alter-

nated every 2 mm (.0R in), He concludes that the shattering took place

at a hizh altitude and was caused by a pressure wave set up by a bolt of
lightring that passed near the hailstone as it feil.

5. Freqguency ani Distribution

Accuracy in rlotting distribution and frequency of hail throughout the _ :
world is limited by the scarcity of reports and the failure to identify the

types of hail. However, data from £56 weather stations throughout the world
have been tabulated in Appendix A.

Table IIT (Appendix A) shows total days with hail at 220 cities in the
United States, with periods of observations ranging from 7 to 4D years {see
Mar 4 4n Appendix 3 for weather station locations).

Averaze nurber cf days with hail at 436 stations throughout the remain-
der of the world are shown in Tables I7 through VII. Cbservation periods
ranze from 2 ‘o 26 vears: at some stations the number of years of observation
is unlmown (see Maps 4 to 8 in Appendix B for station locations).

- The 25 United States stations that have received more than 25 days of
hail during a 4LO0-year period were selected for a tabulation showing days of

kail by years from 1540 through 1949 (Table VIII) and days of thunderstorms
in the same years (Table IX).

.

Tabulations of hail from hourly observations at 20 airport stations .
tive teen made, but the number of occurrences rerorted were no greater, and

in some locations fewer, than those received frow L-times-daily observations
at U.S. Weather Bureau firsi-order stations. These tables, therefore, are
rnot included in this report since they record hail only at the actual moment
of observation, while reports from the regular Weather 3ureau stations in-
clude accounts of hail at any time during the 24 hours.

The records of

days of hail for North America were assembled at the
T.S. Weather Bureau

from published sumzaries, and where such summaries were
unavailable, from original records.#» “3, 29 Various periods of records
fave been used because they represent the only data that coild be found.
¥ost. records for foreign countries stopped during Wo-1ld War II1 when the dis-
iribution of climatic reports was discontinued. The sources of data in the

tles for areas outside the United States are generally the same o3 those
sted i5 tha Weather Bureau's Index of Climatic and Weather Data.4?

i~ c*»
1ae

Because of the inadequacies of hail reporting due to wide spacing of
ststions and ihe small area covered by a ha:lstorm, the tatles ar: presented

as an indicaticn nf the tyne of data available and a guide to the location
ol tre staticns where recoris have been Xeont.
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Many studies comtaining detailed amzlyses and rescarch have been zade
fer Individual countries. These studies, lis'—edzgn;! abstracted in Meleor-
ological Abstracts and 3ibllography. Arril 1950,“7 and rot listeq in tie
references here, Zurnish inforration sn the ‘echnigues esployed by iniivid-
nal countries in meeting their particular problems of reporting and ana-
lyzing hail Aistribstion. Examination of .hese wmblicatioms for areas ont-
side the United States, however, shows that the problexs faced in this
country exist all over the world, and that no zracticil sethod of hail re-
porting has y=i beenm employed anjwhere excert im isolated mierorlimatic
stuiles conducted in se’ected areas. Tie expense involwed in installirz a
network of revorting stationms that woulc provide detailed observations would
be too rreat for practical return.

The distribution and frequency of hail as shown in the tables, there-
Tore, must Ye %nierzreted without defirition of type or size of bail that
falls. TRecords are not published for xany statioms that experience nail:
It becomes necessary therefore to substantiate the inforzation given in
the tables by statements from researchers who have had sccess to original,
unyublished records. In many areas throughout the world where no tabilated
observitions of hail are available, written accounts describe hail occur-
rences. This is particularly true of desert areas in aAfrica, and equatori-
al islanés in the Atlantic anw Pacific Cceans where 7ail is extresely
rare.>3. 36, 51

Summaries and imteroretat’.oms of the tables, by coondry or area, are
2iven below:
Tnited States (Tabic IV and Map A) 1
Tal. ‘fesuency and distrioutisn are rovered in detail by Flora {13%;*
who describes {reguency in more detail than is reamred in this report, azi
analyzes hail conditionr and damage to crops and rroperly, state by state.

The tadles of Wil in this repert rrovide a general coverage for the
United S!:tes showing ha:l frequency by zomths for 220 stations. The great-
est frenuency Tor most of the coumniry excert the southern states and West
Coast i3 in the spriag; in some of tie Plains staves, Icwa, Mimmesota, ani
Nebraska, aad the Tlatean state of Wyrzing, maxizzm fres:ency is in'=id-
summer. The Pacific coastal statione exverience hail most often during the
raipy season, Xovember tarouzh March. (Worh Head, Wash., had 224 hail-
storms i{n 3 10-year period, a record for <he United Stites.) ‘owever, the
hail that y'alls there is soft %ail or graupel and therefore is not dazaging.
Inland <*ations with hizher elevations dc have destractive hailstores that
at times daxarme crops and rrocerty.

for the statinns among the 220 ia Tzble ITI that Zave had 3 4otal of
175 or more days of hail in the 40-rear reriod 1934 %o 1%3, data Lave bean
tatulated from 1940 to 1949 in orde: to show the variatisn in freguency by
vears (Table VIIT). At many of the sta‘ions, such as (ra*a, %et., ad
Rapid City, S.D., where the 10-year total frequency is low, some scmihs
during the hzilstora season ire free of tail for ome or zore yeavs. At
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stations such as Cheyenne, Wyo., however, from 1 to 7 hailstorms are
- recorded for June and July =very year during the 10-year period.

Daraging hailstorms are most !"requent. in the Mississizpi Valley rlains
states and the High Plains east of the Rocky Mountains. This area is gen-
erally referrel to as the "hail belt® of the United States.

Canada (Table IV. Map 4)

Hail is re".:i'.ivelr Infrecquent .n Carada. In the areas of greatest
frequency, the Prairie Provinces anc the region of the (reat Lakes, an aver-

——

aze of £ hallstorxs i yearis axperdenced: '*‘:‘?,

o . - Eha RS,

Nexico (;ahle IV, Map lc) :"L:LH":’:’},‘::E{Q‘J.}

[T SN SRR

In ¥exico, altitude greatly influences hail frequency. Low-lying ;}&':}*,‘;n: iy

coastal places such as Tampico, Salina Cruz, and Mazatlan report an annual i L

average of one day or less. AL xmountain stations such as Mexico City and

Saltiils, beoth abeva 6,000 feet elevation, the freguency greatly increases;

Mexico City has an average of 6 days,nd Saltillo 18 days, per year.

Alaska and Greenland (Table IV, Map 4)

In these high latitudes, hailstorms occur with varying frequency from
Jctober through June. The hail is soft hail or graupel, not damaging to
property. At Noxre, Alaska, hail has been recorded a toigl of only six times
Trom 1931 to 1233, and then the falls were very light.

Scandinavia {Norway, Sweden, Denzark, Finland) (Table V, Map 5)

In these countries, which are above the latitudes where true hail of
destructive size falls, hajl oc:urrence is of minor importance. Trondhelm,
YorWay, and Testervig, Denmark, report 13 and 10 days a year, respectively,
while other stations average 1 to 8 days. The occurrence is greatest in
spring, fall,and winter at the North Atlantic coastal stations when colde
frontal storxs from the Icelandic quasi-permanent low pressure area occur
frequently. In Sweden, the occurrences noticeably diminisnh on the side of
the mountains protected frox the North Atlantic storms. Finland experiences
tail infrequentiy but it occurs in every month of the year. Denmark has a
monthly average of 3 to 5 days cf hail in the spring and fall while .in the
surmer it i3 rractically non-existent.

Zritish Isies (Table V, Mar £)

Throughout the British Isles hail occurs with varying frequency; a zin-

iz.m of 4 days annual average 1s recorded at York in northern England and a
vaxivum of 28 2ays at Malin Head on the northern coast of Ireland. From
. Cciober throush May the frequency varles from 1 to 5 days per month with
December and J:nuary showing the hizhest average at all stations. This
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frequency is related 4o seasonal storms blowing from the Yortn Atlantic Ocean,
In the surwer when the cold frontal storms diminish, hail frequemcy is at a
xinimm: one diy or less a montn from Jume through Septexber.

Central Eurone (France, Belziuw, Germany, Czectoslovakia, Rustria, Hungary,
Switzerland, Foland, Ruemania) (Tadble ¥, Mar 5)

The hail frequency pattern for France and Belgium recexbles that of the
British Isles, particularly at low elevations. Trere are fewer hail occur-
rences in these countries, but the influences producing winter maxismum and
surmer minimix are the same Frogressing inmto <he interior, 2%he coastal
hail pattern influenced by Atlamtac storxs changes 10 one under continental
air mass and land-heating clixatic controls. This gradually alters the sea-~
sonal pattern to spring or suwaker maximum amd winter xinieum. The sumser
increase in frezuency is aprarent im the middle Turopean countries of Austria,
Hungary, Rumania, Poland, sni Czechoslovakia.

Mediterranean Countries {Spain, Portugal, Italy, Turxey, Greece, Yugoslavia,
j Albaria, Cyprus, southerr France, Dodecanese Islands,
Isriel, Moroceo.) (Tables 7, 71 and VII, ¥ays 5and 7) -

The area tetueen the mourtain ranges of the Pyrerees, Alps, and Caucasus
and tne deserts of Sahara and Arab:a in the south has mild, sore cr less rainy
4inters and leng, hot, and dry suzmers - a climate usually characlerized as
the "™Mediterranean type.® WithZin ¢his general ‘yye tnere are zany variations
depending Jarzely cn the torography. Hail occurs mostly in the winter and
srring, the soring maximum beirg meve rronounced i+ the E.ropean countries
that border tne sea on the west. The borderins Zurcpean countries average
aboat ? to S hailsterzs per year. Data for Israel and Xorecco show an average .
of 2 tc 3 days ter yeir In Egmpt and elsewnere in Kotk Africa, there are
many acco.nts of severe ha:lstorz=s where large hailstornes bave done zreat dam-
age Lo property and ca.sed sericus injury to amrals and rer.

The Azcres (Tatle 7, Map 5) .

The Azores experience hailstorms in winter. At Ponta Delgada no hail
occurs from May *hrough Sapiexber;-at Horta there :s occasional hail in the
swmer The annual averase of 3 days is the saze as that alcng the coast of
Spain,

s #

U.5.S.R. (Table VI, ¥ap 5 and €)

T

T

Tne averaze of natl *lcrze throughout Kussia 2s 1 to < days per year. N

v Continental climat:c inflierges are aprarert in the ha:l pattern which shows

b a summer maxi.=.3 3t all toe stations Since st cf the area lies north of

¥ 20°N Llat. where destructive ha.lstorzs seldom cccur and the hail {hat falls

E} is urually graupel, 1t 1s probable that destructisn %o preperty by hailistorms

Y is not a daisturbinz prodle=.
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Japan, Okinawa, Formosa ({Table VI, Map 6) e

These islands have a low frequency cf hail; they sversge about 1 day
a year except for Hakodate and Sapporo in Hokkaido (Northern Japan) which
average 1< and 7 days respectively.

China, Marchuria, Korea (Table 71, Map 6 )

Yery little hail is repored in China. The average of 1 day & year
may ve too low because of incomplete records. It is reasonable to assume,
however, that it is of minor izportance in this area. Manchuria and Korea

average about 2 days of hail a year, occurring mostly from spring through
fall. :

Chile (Table VII, Map 7)

Hail occurrence varies greatly in Chile, ranging from 1 day or less
amnually at many of the stations to 7 days at Valdivia and 11 days at Isla
Guafo, From December through April the occurrence is very rare.

Argentina, Bolivia, Uraguav {Tadl> VII, Map 7)

In Bolivia, hail occurrence ranges from an average of less than 1 day
to 11 days per year, with maximur frequency in the wirter. Deriego, Uru-
guay, only station in the country with bail records, shows an annual aver-
age of 4 days of hail; only April and October are free of hail. Argentina
has an annual average of 3 days; hail occurs in almost all months of the
year.,

-

Brazil (Table VII, Map 7)

Brazil has little hail. An average of 1 or 2 days of hail a year oc-
curs except at high elevations. At Itatiaya (approximately 9,000 feet ele-
vation), a total of 3 days with hail in 6 years occurred from August through

March. At Porto Alegre (at sea level), hail has been reported only in May,
with an annual average of 3 days. .
Africa (Table YVII, ¥ap 7)
fc Hailstones of great sizes have fallen in many parts of Africa, even in
the Sahara Desert. Hail is remarkably frequent in the Cape of Good Hope and
~ Transvaal {provinces in the Union of South Africa), and is at tines most
N destructive.
W :
SO According to Brooks,6 some of the hailstones may be as la:ge as cricket
h balls and weigh 1.5 pounds each; they kill sheep and cows, and plerce cor-
3\ rugated iron roofe za {f they were gaper. Tables are not available for all
[ ] seztions of the contirnent. For countries that have oublished records, the
:35 data are pnssibly conservative since stalicns are so far apart.
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Statistics for French West Africa showing almest no hail are not
representative of the area as a whole; in regions of high altitude, the
frequency 1s 8 or 10 storms 2 year. -

.

Hail seldom occurs along the Ivory Coast. Bobo Dioculasse reporis mo

occurrence in 6 years. In the northern part, hail is occasiomally experi-
enced.

No hail storms occurred along the Gold Coast during 15 years of obser-
vation. The data at Accra are representative of the area as 1 whole.

In Xenya, L days annual average is reported.
In Mozambique, less then 1 day of hail a year occurs.
In French G:inea, less than 1 day of hail a year occurs.

Australia and New Zealand (Table VII, Map 8)

A

According to ‘Vi:!her,f'1 about one hailstorm a year is experienced in
the northern part of Australia. Hail has been observed on very rare oc-
casions on the semi-tropical northern coast of Australia. There is on
record a particularly severe hzilstorm at Wyndham, Decexber 1938, with
heavy thunder, gales, and large hail.32 At some distance inland, hail oc-
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curs oore often.
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Hailstones are more frequent in Southern Australia than in the north.
The annual average at Melbourne is 7 and at Adelaide 6. 3Hail along the
coast is usually szall and occurs in conjunction with cold fromt storcs,
usually in late winter and early spring. Severe storms with large hail
usually occur farther inland in the summer when thermal thunderstorms are

- "

d

frequent.

New Zealand has an average of 2 hailstorms a year.33 Hail is not a
major problem in any of the tropical islands in the Pacific.

6. Hailstorm Observation

The study of hail storms, although inad;qnat.ely supported in the past,
1s now being emphasized with great determination by wvarious agencies. Dne

< method of studying hail is by use of radar and radarscope photographs. The
3 great increase in commercial and military flying and the increased speeds of
:~: high-alti‘ude aircraft have ccncentrated attention on the analyses of radar-
- scope photographs for the detection of hail within storm clouds. The pre-
N vious inability to observe hail within storm clouds now may be overcope;

o certain protuberances and shadings in the precipitation shadow on the radar-
¥ scope or the point where shadows converge, have been found to be associated
[ with hail fermation. United Air Lines observers in a study of the Denver

i\ arez (considered later in the report) found significant correlation between
N the "hail finger™ protuberances and the occurrence of hail; researchers at
; Massachusetts Institute of Technology are not so firm in their conclusions
b 13
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since 1) they have had 1ittle hail to study in the Soston area, and 2) -
every thunderstorm radarscope has irregularities of protuberances very
difficult to analyze. Therefore, the only thing that a forecaster can
say, even with the aid of a radar screen, is that there is a possibility

of hail; he has less assurance of its occurrence than he does of the rain
stowers. .

Cbservations made by the U.S. Weather Burezu thundcrstorm projectiO in
Chio with an AN/TPS-10 radar showed the most frequent appearance of tlie first
radar echo -t 1,000 feet abowe the freezing level (about, -2° C). Workman
and Reynolds,53 found in New Merico +hat the first-echo received by an
AS/AM-13 radar from the growing cutulus was centered at about -10° €. The
discrepancy between these two is ascribed ¢o Lhe difference in detecticn capa-
Z:7l4l.c of the two sets and to geographic differences.

wexler,52 in comprting the growth of rrecipitation particles in cumuli-
form clouds and determining thereby the theoretical first appearance of radar
echoes, found his theory in agreement with Worlman and Reynolds' observations
or: the behavior of the first radar echo. Wexler's thecry also explains the
simultaneous ascent and descent of the echo after its first appearance as
follows: *The echo ascent is caused by the detection of hail at successively
higher levels in the ciloud; the echo descent is caused by the descent of the
first detectable hail through the updraft.®

Nmnex)'ius other investigators, among them Stout and Hiser, 32 and H.T.

Harrison,“" have been studying the possibilities of hail detection through
the interpretation of radar echoes in thunderstorms.

A great deal of study is still to be done in the interpretation of radar-
scope shadows before the shape and section of the storm cloud where hailstones
form can be identified in 211 regions where Lailstorms occur. More complete
thunderstorm-hail-upper-air observations are necessary before we can analyze
other problems of hailstone developmert. . =

Records of radar detection of hail are becoming more numerous with the
installation by the Department of Defernse and other agencies of radar stations
at airports, weather stations, and various research organizations. Eventually
it may be possible to overcome the inadequacies of exdsting siurface hail obser-
vations by providing rore conciusive upper air rceteorological observations on
tke characteristics of hailstones as they form, so that size as well as fre-
quency may be forecast.

Statistical treatments of available data designed to arrive at areal fre-
juency distributions are constantly being refined, tested, and published. The
testing of such analyses must await zgs accumulation .of accurate and more com-
plete surface and radar observations. Tecknigues for forecasting hailstone
s1ze have been developed by Fawbush and Miller!3 and Foster and Bates.l?
Expirical treatment of such a complex problem, however, is only one step toward
a final solution, and the accuracy of forecasting hail occurrence and the size
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of hailstones which may form must depend on additiocnal radar observations from - H:f‘:;' AL
a closer netwnrk of weather staticns. - : RehTs 1'-‘&;*
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Hail-thunderstorm Ratio ) L . . AR gt
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Another method of computing possiﬂ.e oceurrence of hail for any area is
by use of the hail-thunderstorn ratio. This ratio as developed by
shows the percentage of days of hail in relationto days of thamderstom.
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Map 1 shows that more than two-thirds of the United States has am anmual hafl- i *z%;.
thunderstorm ratio up to 10% (that is, of every 100 thunderstorms, 10 are ac- A R

companied by hail). About one-third of the country has a ratio up to 5% . IESARINEAY)
Records from 217 Weather RBureau first-order stations were used in arriving at . Sl
these ratios. There are occurrences alon3i the Pacific Coast, mentiomed by T S—-—
Shands, and in the mountains of the Denver area? where the ratio of hail days e A

to thunderstorm days exceeds 100f, and two stations in Washington state where DT
it exceeds 400% (see Tables VIII and IX). This indicates that hailstoms . RHCTRTAGA
occur In meteorological conditioms other than those associated with thunder- }.‘~'.:-"-jr:‘~:"{{
storm cloud formstion.46 f"}."}.f{." N,
} " W 2 owflE VR

The hail-thunderstorm ratic is a good guide in determining ground expo- DA

sure in the Zentral Plains. However, the ratio may be distorted inﬁlgher -
areas where the topography influences the vertical cloud structure. )

United Air Lines Hailstorm Study

In 1949 United Air Lines began a mirostudy of hailstorms inm the Denver

area by setling up at random 11 reporting stations; there was alrealy a U.S.
weather Bureau stationm in the city.

Firvre L shows the comrarison between the Weather Bureau data fTor days
with hail ani thund-rsiorms, and the United Air Lines "unofficial retworx®

data, in the Denver area 1347 through 1953, during the 2 uonths of the year
when hail occurs.

During the first year of this study, with an 1l-station retwork, the
ratio of "area’' reporting of hail to "point™ reporting was 2:1; that is,
there were 2 times as many hailstorms reported by the 11 stations as were
recorded at tne “Jaither Sureau station. 1In 1950 the United Air lines net-
ser't wWwas expanded t-om 11 to 40 stations. Howgver, contrary to expectatioms,
during the period 1950-55, there was nc increase in the ratio. The tabulation

below shows the area {rejuency vs. point frequency af hail during the 7-year
study.

YEAR BATIO
1949 2:1
1950 a:1
1951 4:1
1952 8:1
1953 3:1
1954 2:1
1955 31

15
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According to eciwith,2 the low ratios of 1953 and 1954 were coincident
with dry sumeers; the relatively low ratios of 1951 ami 1955 were the result
of a high incidence of 1ail at the Weather 3ureau's station.

Toint reporting at other stations in the network falls into a patterm
consistent with the official frequencies as illustrated in the above table.

For an idemtification of the grids rerresenting L-square-mile areas that were .. il
used 1n the wnofficial hall reporting neiwork for the Denver area, see Map 2. Tty
If individual stations other than the official Weather Bureau station are used L.‘c_:i

as the bace for an area-to-point ratio of hail, resuits are nct significantly . [f:"":j;
chansed (Table 1T ani Map 2) s
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HAIL REPORTING : ; J o
S|  NETWORK | .
. DENVER- 194955 — 4 =
B 7 yeors of data Z
W !E!C’n«nclld-

Mar. & Tnofficial hall rerortiag ratwork fou Denver area 194%-1955. Grids
with £ w3 7 years of il are cross-h-tcne2. Hack circles are reporting

poirts whizh have existed for or® or zcre nail seasons. UGrids representing
Malder, M, Jernon, Tonifer, ani Zuckley Fleld are not shown to scale, but
are indicated in relaticn to the intersecti-n ¢f Jolfax Avenue and 3roadwaz.
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TANLE IJ: Comparison of Area with Poist Reporting, Selected Statioms.”

“

Grid Number of Hail Days Average Area-to-

{Reoorting Station) 1949 1950 1951 1952 1953 Y954 1955 Point Ratie
£-9 {Weather Bureau) 48 3 9 2 7 L 9 4.3:1
S-11 (Navy, Duckley Fleld) 8 & 6 3 5 2 3 5.1:1
3 * » 8 3 7 4 10 3.3:1
-7 6 5 10 3 2 1 =« 5.0:1
o » 3 9 2 4 1 7 502
#%o data -

Estimates have been made by e'arlier investigators and United Air Lines -

that 1 installation for each 4 square miles would be necessary to produce
reliable figures for area hail frequency. The cost of equipping and main-
taining such a close network over a large area would be prohibitive. An
even greater density of reporting stations would be required, however, for ~
stadying the finer details of individual hailstones such as size, distribu~
tiom, and the dimensions of hailstone patterns. Accuracy of reporting at
present appears to be achieved only under the controlled conditions of

zicrozeteorological study.

~. Haillstore Size

Size of hailstones is of minor importance to farmers; hail of small
size can be very lamaging, depending on the stage of growth of plants and
force of the driving wind. However, in design of military equipment, the
size of the hailstone is the most imporiant factor to consider.

Eliotlz reports on the rrequency of hailstone sizes in 597 storms in
Indiar

Diazeter {cm)% Frequency (%)

%ot larger than pea 0.6 7
Setween pea and small lime 0.6 to 3.0 51
larger than small lime >3.0 2

* % om = anprax.. inch
Jemz " 1.2 inch

He states: "It is probable that only a small proportion of the haii-
storzs in which the hailstones are of srall size are reported. The number
of these storms given in the precedins statement is almost certainly of ne
value for tle purpose of comparison.”
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The frequercy of Z7% for occurrence of the smaller-sise hailstones
dces seem too low in comparison with the frequencies of the larger sizes.-

- Harn and Suring!? sumarize the distribution of hailstone sizes in
Central Europe 2s follows: g .

- RS Y

Size’ ’ ~ Diameter(cm)* Freguency

Upto2or3Icmdiam Uptol2cor3 Most common
Pigeon eggs 4 Especially heavy storas
Hen eggs 5 Even heavier storms

Tt can be seen tnat it is Impractical to plot distribution of masses
or sizes froam this typc of information.

Gerson,17 grouping all the most corxon ranges of stone sizes measured
by various investigators or. the ground shortly after r1he fall of hail, pro-
duced the following comparison between selected regions:

Region ¥ost Cormon Sizes {diam)
[
. United States 1,0 to 1.8
~ Missouri 0.6 t0 1.3
Central Eurape 2.0 to 3.0
France 0.5 to 2.0
India 0.6 to 3.0

¥rom tris tabulatiom it appears that Central Rurope experiences large
hailstones more frequently than the areas with which it is compared, al-
though the frequency of hailstorms is greater in the United States, as
shown in Tables YII and V.

However, according to the study conducted by the United Air Lines in
Denver, the occurrence of large hailstones 1s more frequent than reported.
In 1939, United Air Lines reported that hailstones the size of walnuts or
larger were encountered in only 1 out of 800 thunderstorms that occurred
along or near their route between Colorado and I111n0is.42 The 21949-55

. micrometeorological study of hall in the Denver area showed 39 occurrences
of hail the size of walnuts were reported in a total of 2,639 storms,

*Approximate valzes in inches are:
Sm= .2 inch

lem= 4 * -
2ca= .8 ¢ .
= -
3m=12 *
Lema=1.6 *
- -
o 5ca=20
"
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Figore § shews the frequency
- . - diatribuxion of maximum hail
: i . size in the Denver area during
the periad <7 study, and Figure
. 6 shows the hail size by month
S for the sama period.

~ With growing evidence that
hail exists at some level in the
majority of thunderstorms, the
forecaster needs to estimate the
»ize and type of hailstones. It
is apparent that the frequency of
destructive-size hailstones, i.e.,
the size of walnuts or larger, is
much greater than has been hereto-
fore considered.

To estimate in general the
frequency of damaging-size hail-
stones is an impossibility at the
present time. More exhaustive anal-
ysis of meteorological conditions
that procduce large hailstones i3

NUMBER OF REPORTED OCCURRENCES

by u' e n( M ) u-.g constantly being made, so that the
Bl ™ « @ w2 ";Z; T forecaster or designer of military
FREQUENCY DISTRIBUTION OF equipment may in time be aided by a

surer knowledge of the areas where
these conditions are apt to develop
most frequently. 40,41

MAXIMUM HAIL SIZE, DENVER~ 1949 - 55

Fiz. 5 Frequency distribution of max- 8., Damage

{mum hail size reported in the unoffi-

cial network 1949-1955. This shows the Hailstora destructiveness in

number of cases reported of each hail- varying degrees of frequency and

stone size, the observer indicating only intensity is experienced in all lat-

the largest stones observed in sach re- itudes of the earth, from the trop-

port (courtesy of United Air Lines). jcal to the Arctic, and in all

hrights from sea level to mountain-
ous elevations., The destructiveness

1s extended to upper air levels, in damage to aircraft, occasioned largely by

the difficulty confronting the forecaster in giving pre-Tlight advice to avoid
ti“. hail.
':*":: In considering the advisabi)ity of establishing criteria for the design
:ﬁ-:'_. of military equipment, it is neceusary to examine only the area around the
- world between 300 and 50° N. latitude., This is the belt of greatest frequency
- and within this belt lie the areas where occur the greatest damage to crops
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Fiz. 6 Distribution of hail size by months, based on unofficial network
data 1949-1955. 4s in Fig. 5, these graphs are on the dasis of the largest
stones otserved in each incidence of hail reported. (Courtesy of United °
Air Lines) -~ .

In the Arctic, the hail that falls 1s infrequent and the hallstone is
usually graupel, cr soft hail, which can cause 1ittle or no damage to
equipment, -

In the tropics, destructive hallstorss do occur, but are so infrequent
that there can be little justification for designing equiprent to withstand
the dazace occasionally experienced.

The nature and degree of damige caused by a hailstorm depends on ths
season in which it occurs, and local characteristics of the damaged area.
The most unfortunate circumstance cormmected with haillstorm incadence is that
1t occurs with sreatest frequency, in the United States, during the seascn
of zrowing and harvesting crops. The summer 1s also the time when livestock,
machirery, and man's possessions in gereral are left unsheltered and exposed
outdoors. Thus, the occurrence in this season results in increased dasage
to all xinds of property. ’ :
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Data for 1940 “hrough 1949 show an annual average property loss
exceeding 35,000,000 and annual averaze crop damage of more than
$30,000,000 in the United States.® Of all the states suffering damage
due to hailstorms, Iowa consistently reported the highest losses.

Recorded losses f;&—;iﬁnoms in the United States are published
by the Weather Bureau.’ds 48, 49 These data on damage include information
zathered by insurance companfes and news-reporting media as well as that

gathered by official Weather Bureau stations. It is reasonably certain '.__ AL Wy 0
that the majority of damaging storms observed have been tabulated by the ‘i-:"‘m'i \-*'}'e.v -g.‘, o J-
#eather Bureau, and certainly none of widespread destructiveness has been A »\- ISR

omitted. The amounts of losses are largely estimates, since it is diffi-
cult to detemmine the proportion of total destruction that is caused by
the rain and high winds that usually accompany a hailstorm.

Insurance companies have made careful climatic-statistical stugies of
the distribution patterns of hail in order to establish risk rates.
plotting hail frequencies for any.year, or the total days for a number of
years, there is a spottiness of pattern that indicates variables apparently
more important than freguency in arriving at a rating percentage. The data
indicate that one hajlstorm may be more damaging than several others, de-
pending on wind force, crop maturity, size and number of hailstones, nature
of the exposed property, and many other factors

The 0.5S. Air Force makes studies cof hailstorm damage sustained by USAF
aircraft. 3 Map 3 shows the geographical location and month of damige to
aircraft by hail from January i96 through May 1950. Table X covers the
period from Janvary 1946 through May 1342, and Table XI ccvers the period
from June 1948 through May 1950. The t.ables do not give losses in dollars,
but describe weather conditions encountered, and in Table XI, the nature of .
the damaze to the aircraft. In the first period, 62.5% of the aircraft fly-
ing throuzh hailstorns received major damage, In the second period, the

nuzber was increased to 21%. No mention is made of the size of hailstones
encountered.

United Air Lines reportschat simulated tests by the Civil Aeronautics
sthority in Indianarolis, Ind., resultel in eviderce that a hailstone one
inch in diameter is about the eritical size betwera danage and no damage tb

the averase modern propeller-driven transport sirplane at cruising levels.
Speed of the plane is an important factor, but the hailstone size has greater
effect ir. determining the amount of damage. The CAA tests of simulated hail-
stones fired at a stationary tarset procduced the following results:

Fiaiistone Indentation (in.) on
Diareter (in.) Speed (mph) Simulated DC-6 Wing
3/4 260 None measurable
-1l 260 1'A
2 160 04

Wore than 1,400 North Dakota farmers suffered total crop loss in 1957

.\‘.- X
because of hailstorms, QRN
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HAL STORM DAMAGE TO ANICRNFY
{LOCATION & WONT#M$

. P

NUMERICAL. FIGURE BY
LOCATION IMMOICATES MOMTH
AGCIDENT OCCURRED.

Map 3. -

Vetal surfaces of DC-6 ail;craﬂ. stationary on the ground wozld not

ordinarily be damaged by hailstones of the above sizes, because hailstone
speeds are far balow 160 mph.

In the Weather Burean thunderstorm project 1n 19&9,1“ hail vas en-

countered on 51 of the 812 traverses through storms in Ohio, the maximm
frequency occurring between the 10,000- and 15,000-foot levels.

9. Unusual Hail

Y.

-
»

o

Many accounts of unusual hail appear in early literature. Soae are

too startling to be accepiled as authentic; others that do not tax the limits
of known physical laws can be accepted as credible.
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Evidence of prehistoric hailstones has been foumnd by gcologlsuzs in
fossil hailstone casts in coal measures (Fig. 7), where sand or loose sofl
had sifted over the prints made by hail in soft wed.

ey

Hail in literature

iyl
b‘.

[} In early (1295-96) literature, there appearod accounts of hail

j'} the size of a house<® Such exagrerated reports are usually Srought alowt
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by the discovery of huge blocks
of ice on the ground after the
hailstorr is over. These “huge .
hailstones® consist of a nuxber -’
of haflstones tha: have stuck to-
gether and cerges after they have
fallen in that state and thus,
startling "disscveries" have been
reported. There has never been
any official confirmation of such
large hailstones. |

The largest stones that have
been examired and officially con-
firmed are the size of baseballs,
and in rare instances, grapefruit.

A reliable listing of more
than 50 historical hailstorms that
occurred in the late 1700's and
througs the 1300's in various parts
of the wrld can be found in
Fig. 7 Fossil hailstone casts from Russell's bookx.3s These references
%atal, South Africa are jargely from physical science °
Journals that have evaluated the

reliability of the data used.

Popular writins such as an item in Ripley's "Believe it or Not 30 des-
cribing a hailstone the size.of an elephant, is a source of inaccurate in-
forration.

An account of elepharnt-size hailstones can be found in a JP2Per "Remark-
able Hailstorms in India, March 1851 and May 1285,* by Zuist.” Describing
four occasions on which remarkable masses of ice "fell" in India in the early
1200's, Muist comrerts: "These masses of ice, like many of those that are
considered hailstones of the largest size, have, in all probability, been
formed by violent whirlwinds or eddies, and seem to have reached the mon-
strous dimensions in which we find them, either on their approach to, or
thelr impingenent on the ground: and the same thing will apply to those of
zuch more moderate bulk, and which are cosmonly considered hailstones, though
when e xazined they tum out to be a number of stones aggregated together.”

Many of the masses doubtless owe their origir; to deing blown into hol-
lows or cavities such as that reported by Russell3% in Delgluz in 1850; in
this case the hailstones were swent into a dry well where they almost imme-
diately corgealed into a mass. It would seem from this account and others
that early writers had credivple explanations for large hailstone masses
that were discovered after storrs.
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Pig, 8. Hailstones that fell at Potter, Heb., 7 July 1928, : SN

- - T v

Hail in contemporary times ’ ;

One of the most remarkable hail falls onm record in the United States . M

occurred at Potter, Cheyenne County, Nebraska, om 7 Jaly 1928. Here fell .

‘ the largest officially-recorded hailstones in the country (Fig. 8). Larger

. stones have been reported at various places but none carried the authentio-
ity of these. Most of the large hail ranged from 10 to 14 inches in cir-

cunference and weighed frem 5/8 to 11 pounds. The larger stones were = [}

approximately 10 to 15 fest apart. The largest stone recordsd during the

f:ill was 17 inches in circumference (5.41 inches in cismeter) and weighed " inl

12 pounds. IRAYG

) 2
Figures 9 through 13 show the extrems sie of bailstones that casse  [1)
the most damage to equipment on the ground. Pigure 14 illustrates the dea- [ *Lj

age inflicted on an automobile by hailstones of extreme size (Pig. 13). K]
However, -the likelilicod of equipment beingz struck by stones the sise of f

baseballs (Figs. 9 and 12) is only about once in 5,000 haflstorms. N
W

Hartharan®® gives an account of hailstorms in Nydersbed State, Infla, -
that occurred on March 17 and 13, 1939. The largest hailstomes that fall ({11}

on the first day weighed 73 pounds, the largest cn the second day welghed 1@

5 pounds. The storm of March 17 affected 17 viliages in an ares of 0 Mo

square miles, causing considerable damage to property and injury to live- .

stock. " ey
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Fig. 10 Measurement of hailstone
shown in Figure 9
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Fig. 12 Hailstones the size of a basebhall,

Veligh, Nebraska,
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Hallstone compared

¥ailstone that fell at
, ¥d., 26 May 31953

with 3 tennis ball, Durbam,
South Africa, 24 June 1929

Fig- 9
Saitland
Fig. 11
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Fig. 13 Hailstone that fell at
Weatherford, Okla., 1 July 1940
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Hail damage to automobiles at Weatherford, fkla., 1 July 1940
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Hall+storms which are remariable from the standpoint of destructive-
ress to crops and other surface property, need not always be characterized
by large stones. There have been numerous instances of damage where large
areas have been coxpletely covered by heavy amounts of hailstones. Fig. 15
showing the deponit of stones over a wide area near Ada, Okla., on 29 May
1940, illustrates vividly the extent of destruction such a storm can bring
to agriculture, particularly if it occurs during the season of growing
crops.

The same type of storm occurring in a city (Fig. 16) or military in-
stallation may clog sewers, paralyze transportation, damage lights, windows,
roofs, and equipment, and in general create temporary havoc. Destructio- of
equimment would be secondary to the more serious situation of vehicles
blocking hail-covered roads znd in ditches during and after hailstone
showers. -

Abstracts of 36 articles dealing with unusual hailstorms in many coun-
tries can be found in Meteorological Abstracts and Bibliography;29 some of
- the articles report hailstones of startling size and destructiveness.

The Monthly Weather Review through 1949 reported hailstorm occurrences
and gave brief descriptions. From time to time since then, the publication
has had separate articles describing hailstorms.

10. Conclusions

Destructive-size true hail is most common in the zone betwsen 30° <nd
50° ¥orth latiiude, although unusual hailstorms may cause heavy damage any-
where in the wo-ld except the polar regions. Hail is most frejuent during
the winter in high latitudes am. during the sumer in lower latitudes.

Hailstones have been found as larse as 5.5 inches in cdiazeter and
weighing 1.5 pounds, but most hail that reaches the ground is smaller than
1 inch in diameter. The speed of a hailstone rather than its size deter-
rines the amount of damage it will cause. For this reason, high-speed
atrcraft sustain greater damage than stationary or relatively slow-moving
vehicles and equipent on the ground.

The U.S. Weather Bureau, the U.S. Air Force, airlines, insurance com-
panies, ard otner azencies are actively engaged in hail research. It
would be usefal to the Arry to have additional detailed information on the
{freqgrency and distribution of critical-size hailstones.
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Charts and tables of hall observations in the Denver area, furnished
by Mr. W.B. Beckwith, Assistamt Superintendent of Weather Service, United
Air Lines, have added much to tiis raport.

Tables of hailstone damage to aircraft in flight, obtained from the
Inspector General's Office, Headquarters, U.S. Air Force, have been used to
advantage in comparing damage aloft to that on the ground.
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4. Tabular Data on Hail

Total days with hail: United States

5.
b~

Average days with hail:

North America (excluding U.S.)
Europe

Asia (including U.S.S.R. in Europe)
Sovth America, Africa, Australia

Hs oy
%

Total days with hail at 25 U.S.
stations, 1940-49 ia 61

Total days with thunderstorms at .
25 U.S. stations, 1940-49 XX 70

Hall causing darage to U.S5.A.F.
aireraft in flight:

June 1946 to May 1948
June 1948 to May 1950

M
8

X . B. Maps of Continental Areas Showing

- Heathrer Stations
E . Forth America

Europe (including Turkey)
i Eastern Asia
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L

" South America and Africa
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TAGLS IIT: Total Days with Hail, Urited States .

Station Ire.
Yo. Mame T Obs. Jgn Bov
110 &bilene, Texas AO
111 Albany, N.Y. 40

112 Alhuquerque, N.M. 12
113 Alpens, Mich. AD
114 Amarillo Tex. 40
115 Amniston, Ala. 28
116 Apalachicola,.Fla. 18
117 Asheville, N.C. 40
112 Atlanta, Ga

119 Atlantic City N.J.
120 Augusta, Ga. "
121 Austin, Texas 17
122 Baker City, Cre. 38
173 Baltimnore, Md. AD
124 3Bentonville, Ark. 1k
125 3ingharton, M.V, &0
126 Bimingham. Ala. &0

i

'y
Brhooobrurunrnrwuuomor I

- 127 ®Bismark, ¥.D. A0
123 RNock Island,R.T. A0
129 Toise. Idaho 40
130 3oston, Mass. A0 0
131 Broken Arrow.0kla.l2 3
132 2rownsville, Tex. 21 1
133 Buffalc, ¥.Y. 40 0
134 urlirgton. . 39 0
135 Tairo. T11. L0 Y
136 Zanton, X.Y. n 0
13 Cape Yenry, Va. 35 0
172 Tape May ".7T. 18 b |

135 Charles City Towa 39
142 Zharleston, 3.2. AQ
141 Charlotte, N.C. &0
147 Chattaroora, Tenn.AD
143 Cheyenne, Vyo. 40
144 Chicago, I11. A0
145 Cincimmati, Ohio 40
- 146 Cleveland, Chio 4D
14" Columbia, ¥o. A0

<+ 148 ZTolurbia, S.C. A0

PP PP
B A
PSS

149 Zolurbus. Chio 40

sEsavEaynBounenvuar vornEnfurseinunss uleont E?

oowuuq»;ocuuooaccuouououoau»uuoooopecpquu»
oﬁ»ﬁoﬁq?uwogbuuu~5HduouQuuﬁuuuu.»roueueuquﬁIE-
SﬁuﬁQQQSUGUruﬁuqoﬁwqwﬁgaundrubﬁnqpmquqﬁrokﬂ H
FrEeRBRaERBER WMo eubw unBulinEBroaiBernrollonwlEals W
nu»nouﬂ;ndououoacnuﬁo»pqponuunqnewuooudrrut‘g'

owugrgggdgsnnﬂuugqrgwouﬂ»&qGrUSanuﬂ»uBonwbli
oqrqoruqoﬁuausuuquuqou.»pGQSMrFeupgghaauubalB

a o
ol NN LB r e NI HWOWUL VO RWNWE N I © O M MAWN B oo k
rurnolFaurnBrorooowsrr EommrnnunoonorkeoNubeWwwe 1§
NWHNH O OFrONNMHN RO OO FrONUULO NI N D O WV
NUWHNOWWONHNDOMNOOWOOND ONOONNONOWOOONMNWOOOOMWEN E

FPNOFrHMNNMNOFrWwWO

! 152 Concord, %.H. 3
X 152 Concordia, Xan. 39
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Station rs. i . N
¥o. Name Obs  Jan Feb Xar ipr ¥ay Jun Jul Aug er Oct %ow Jec tal -
195 Yuron, S.D. 4 0 0 3 8 28 29319 20 8 3 1 01Ny
196 Tndependence, 74118 0 O O 1 O 2 D O 0 1 0 O &
167 Irdianapolis, Indd0 2 &4 12 18 22 11 % & 4 2 1 1 %%
172 Iola, ¥an. 26 0 4 151818 12 2 0 2 3 3 2Py
199 Ithaca, %.v. 15 0 0 1 0 3 5 6 & 1 D D O %
200 Jacksonville,Fla.f0 0 1 2 5 7 13 2 2 12 1 0 135
201 Jupiter, Fla. 7 0O 0 0 2 1 o0 o 0 O 0 0 © 3
202 Kalisrell, *omt. 40 O O 3 4 19 25 19 11 8 3 O O %2
203 Farsas Tity, M. M0 3 5 28 35 42 2 7T B8 T WO 5 118
20 Feokux. Towa B 0 4 15 18 26 10 7 38 8 6 7 211 |
205 Rey West, Fla. 40 o 0 0 0 0 1 12 0 0 D O O 2
206 ¥-oxville, Tenn. 40 2 4 6 19 12 6 7 8 3 3 1 1 & :
207 larosse, His. 40 1 0.6 23 19 15 9 0 4 7 &4 O 98 SN i
20° Zander, %o 4 0 0 1 11 2131 7 6 1 0 2 O & k-.-tj—.{-.~:g_-.;ﬁ»;-s.ﬁ-
20« lansine, ¥ich. 33 0 $ 11 18 13 6 3 6 2 6 1 1 72 pliiybiviichinlbis
210 Tatalle, TN. 8 0 1 1 4 & 1 20 3 21 017 :é."_}.'_-L.;-*Ir‘{.}.-.;-;-T,-“-:,-\;.,{:, I
211 Zewiston,Jizko 29 0 2 9 7T 11 7 & 2 & & D 3 8§ -fesdedatariarioaiaiol g
712 lexinaton, Xy. 29 3 4 S5 15 10 9 6 3 2 2 O 3 & | ] ;
217 Tinenln, Neb. 40 0 115 29 28 30 13 8 ¥ 4 3 1W2 A% Tr SRR e
P14 Little ek, Ark. 40 2 13 16 2% 17 11 5 2 3 1 2 2 9% .};} > 3\3{“.\5. "‘;\{I;
215 Los irreles, Tal.gD 8 10 17 3 2 0 0 0 1 0 O 2 &3 “Waedlaised ) 'u-%‘-'
216 Touisville, Xy. 40 3 3 16 16 18 9 7 S 2 O & & 8 }3:* LAy *.u}.j‘;
217 Ludngton, Wich. 0 1 1 6 2 2 3 4 1 710 2 1 & NIRNNNE k_ﬁ*g{ gt
212 lynchtury, Ya. 36 1 1 1 6 5 10 &4 2 1 0 1 0 AN 5w R
17 Maeon, Sa. O 2 3 5-8 7T & T & 2 0 0 2 4 ) ) A
270 vadison, Wis. 39 0 1 717 23 101 11 & 4 5 O 98 AR M ARTE ISR

-\ 221 4arquette, Mich. 40 0 0 1 3 11 W% M 7 15 5 0 0O 69 [ ‘{_;;\ DA :"-"_:.1‘-&i

- Pyeiord, e 16 0 4 517 11013 1 01 2-1 1 0 &5 MNPSOS

- P23 Merchis, Tenm. 40 3 1011 23 10 10 1 0 3 -3 3 & & T

. 7L Meridian vYiss. 40 2 6 7 16 S 3 3 2 O 1 O O 4% |

o 225 Mia=i, Mar 32 0 2 0 &4 4 1 1 0 12 0 0 1 W

= P2 Miles it~  Vont.36 0 O 3 8 20 18 13 12 2 1 O O 77

¢ S22 Milvaues, Wis. 40 O 3 7 % 22 U, 8 9 7 5 & O 93

& 7% Minnearolis ¥inn. 40 0 O 7 9 23 17 W 12 10 &4 O O 92

,'-: 229 Missoala, Yont. @ 0O 0 3 § 2 9 5 0 1 1 1 13> .

- 230 Mobile, :la. 3 2 6 9 6 1 1 0 0 3 3 48

® 731 Modera, Mtah 0 1 9 25 A 39 15 25 9 16 ¥ S5 228

e 232 Montgomery, Ala. 40 3 6 12 12 5 & 3 0 1 0 1 O RN

i“ 233 Moorhead, ¥inn. 39 0 0 5 S5 16 13 ¢ 10 6 1 0 9 &

L 23, Mt.Taralpais,Cal.l7 1S 617 2 2 0 O 0 O 1 6 8 57

2)5Mt,. Weather, 7a. 9 1 1 1 2 2 7 5 2 1 3 0 0 B .

N 6 antucket, Mass. 40 0 O 4 S5 3 1 O O 1 1 & 22
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1§
AT
o TABLE ITT: (Comt'd)
Station  Yrs. ' .

: . yame Ohs. Jan Feb var dor Yay Jun Jul Cet Yov - R
¥ 279 Sagina«, ¥ich. 12 0 3 o
+ 290 St. Joseph, Mo. b 1 2 RN
"~ 291 St. Louis, Yo. W 4 9 200
> 292 St. Paul, ¥inmn. 29 O 9 e

283 Salt Lake City,., 40 2 13 ;.

‘ 284 San fntonio, Tex. 40 3 é SRR
1 .. 285 can Dlego, Cal. 40 10 0 AR
- 226 Sands Xey, Fla. 16 0 9 SHENRE
X 237 Sandusky. Chio 40" - G . 3 T
> 293 Sandy Hook, N.J. 25 O .2 . 8 VR
279 San Francisco,lal.40 3C 0 ":T s.-,.ﬁu" e
i . 290 San Jose, Zal. . 27 .0 B -

271 San Luis Cvispgy K 23
292 3Santa Fe, N.M, 38
203 “ault Sia. Mopig, 40
298 Savannch, 3ACH? Jo
29% Seranton, Ta. A9
296 Seattle. wWash. L
297 “heridan, Wyo. 36
29° Shrevepnrt, la. 40
. 299 Sicux City, lowa 40
5 300 Southeast Farallen,9
301 Spokane, Wash. ™ °40
302 Sprinzfield, I11l. A0
303 Springfield, Mo. &0
304 Syracuse, N.VY. 40

At

Tl A,

NQONSOOruoOboH630qu»ooouuoq5353owoo&éwﬁsn»uu
brﬂHuOuHouOMO&HgéﬂwﬂbhOHUOSPO;UMOOHOOUNWOUHO'
ouoonowoooooonwﬁaaowuuooroowoow#uﬂoooeuwoauHIg
abuvsrebstrurarEnErEEnEsisavebrabupnnERsEER BY

| 305 Tacoma, Wash 3%

4, 2156 Tampa, Fla. L0 (

'_‘v 307 Tatocsh Is.,wash. 40 o e ]
392 Taylor, Texas N r'k’}gg;l."q.“ g‘ :
X 309 Terrs Haute. Ind. 31 - '&ﬁsﬁ"‘:“.‘ ""‘k'&
x 310 Thomasville, 3a. 27 st inlniud

311 Yoledo, Chio 40 L il

.. 312 Tonopah, MNev. 17

& 313 Topeka, Xan. 40 .

« 314 Trenton, X.J.

- 315 Valentine, Neb. ;0

" 316 Vicksburg, Miss. 0
B 317 Wagonwneel3ap.Col. 3 *

[] 318 ¥alla “alla, Wash.3g

. 319 ‘Washington, D.C. 40

. 320 Vausau, Wis. 17

> 271 Wichita, ¥an. 40

2
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BRBBuwuweEbESobubBuowokbFEEcRubwluwaelo
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222 Willisten, Y.D. 39
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P . | TARLE III: Cont®d)

Station
No. Name
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g

# 000000 In

323 Wilmington, ¥.C.
324 Wimemucca, ¥ev.
325 Wytheville, Ya.
326 Yakima, Wash.
327 Yarkton, S.D.
328 Yellowstons Park
Wyo.
329 Yuma, Aris.
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. - TARLE IV: Average Days with Fall, North America NURRAS \»J: :.*?:::,
(excluding United States) X RN
. = - o : "Qi" ]
Canada
Ttati~n Irs. . To-
100 Zarcross, N.W.T. 2 0 # v ¢ 0 = 0 0 0 v € o =+
101 Churchill, Min. 0 0 0 O O O & O 0 0 0 0 =
122 Joctrane, Ont, by 0 + & &« & & & O &£ *« & # ]
177 idmortan, Alta. © W 0 0O ¢ & & 31 1 & ® = 0 0 2
104 Fort Smith, NW.T. 23 0 0 = % & « & & & & & & 2
10¢ Fay Piver, NW,7. 23 0 0 O ¢ & & & 2 1 # # & 2
126 (Twy vas, Man, 2 0 0 ¢ 0 0 0 ¢« D 0O O 0 O =
137 Victoria, RB.C. 0 %« « & # &« 5 « 0 0 % & & 2
1M Watsom ke, Yukon 5 0 0 O O 1 ¢« ©0 O 0 O O O 1
107 winnifes, Man. % #*= 0 # €« & & « &4 & &« P 0 2
. {3ta%icrs No. 110 throuzh 329 are in United States. See TARLE III)
s Mexico
“tatien Yrs. Yo~
, T e 0s.Jan Feb ¥ar hor ¥ay Jun Jul Aug Sep Qct Mov Dec tal
330 wadalajara, Jalisco 5 O 0 # 0 + 1 1 1 » &« 0o 0 .3
231 Juavmas, Sonora 5 0 0 0 0 0D O O O O O & O =
237 alapa Enriques,’ s 0 « « Y)Y s & O D ¢ 0 D C 2 .
3313 Lafa;, Fojacall 3 0O 0O O O O O O ¢ « D 0O O @
1Y, Tenr, Tmang luato L 0 ¢« &+ # & @« ] 1 @« & & & 3
3%5 Fazatlan, Sinaloa L& 0 « 0 0O 0 O O O O O O o *
234 Maxico City, Mex. L 0 # « 1 = 1 2 1 1 « & & 6
M7 Matarer, Yuavo Leon 2 0 0 # o e ¢ e O e § &« 0 1]
129 Morelia, Michoacan §_ ¢ ¢ ¢ ¢ 1 1 1 1 _ & & e 0
329 Cavaca, Caxaca L 0 #« « 1 1 &« (¢ e & _ & 0 0 2
A0 Tachica de Soto, 5 # & # 1 1 & & s e & 0 * 3
141170
g M1 Tueretaro, Querctaro 7 0 ¢ +« ¢ & ¢ & & # & o & 2
L
R fiot2: Range fror .1 to .4 is represented by ¢
= Ranze from .5 %5 1.4 1s represented by 1
= Range from 1.5 to 2.4 is represented by 2, etc.
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Days with Hail, North America
Cont 'd -

.‘mel;a-_.!
Mexico

Yrs.

TANE IV
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%2 “alina Cruz,Caxaca

.

tat
%o

e’

s

-

one
O~y
N
ONe
Qs
ome
*Ne
Oen

Qw e

3
5
L

343 Saltille, Coahiula

344 San Luis Fotosi,

N \g‘x;.-
)

\:‘ég
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Greenland

0D
L 0 D
-

San Luis Fotosi
345 Tampico,Tamaulipas 5§

Durango

A% Zacatecas,Zacatecas 6

Criapas
37 Victorjade Durange, 5 O 0 O O

Ame

- X

346 Tuxtla Gutierrez,
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-Averaze Days with liail, furope

Sorvay
“tatien Yrs. To~
Ny Nave Obs. Jan Feb Yar Apr May Jun Jul Aug Sep Oct Nov Dec tal
253 2lesund 3% 1 # #« # & &« 0 0 * 1 1 1 6
354 Berzen 35 *» 1 # % 1 e # + & & 31 1 5
355 Sod 29 *# 4 # 0 # & 0 0 « 1 =+ 1 3
356 Raras jok 19 = 0 #+ # % 1 1 % )1 & D-0 4
237 Fardal 15 * *« 0 0 % 0 0 0 = =+ &« =% 2
357 Cslo 30 * * - 1 [ 1 * * *« & » 0 2
333 Trers 29 2 4 (0 # #+ # 0 0 0 &« =« p 1
. 360 Tro-=dheim 29 3 2 2 2 2 1 =« « 1 2 3 22
3¢1 Vard 29 0 0 * « # 0 0 « 1 = p & 2

Sweden
“tatisen Yrs. To-
No.zave Obs. can Feb Har Apr Fay Jun Jul Aug Sep Cct Mov Dec tal
362 Joteberg 8 0 0 # =» &« 1 (Q *# =+ & 0 =« 2
363 Xal=mar R 0 0 1 #*# + + & O « p « 0 2
364 Stockholm 8 0 ¢« 0 1 « 1 + « » 1 0 0 3
365 Umea A 0 0 0 0 Y = 1 O O O 0 O 2

Denmark
Station Yrs. To-
. Rare . Obs. can Fed Mar Apr May Jun Jul Aug Sep Cct Nov Dec tal
366 “operhazen 40 # 1 1 2 1 * « 4« a 1' 1 1 8
267 Odense 53 = 1 1 2 1 & « » &« ] & 2 16
368 Yestervig 40 1 1 1 1 1 # « « « 31 2 210

Finland .

Station Yrs. To-
So. €bs. Jan Feb jar Aor May Jun Jul Aug bep Oct Nov Dec tal
69 Helsinkdi n 1 # 1 1 & 1 « « 31 & 1 1 7
370 Inam 25 *« 0 0 » & s+ & & s 3 0 O @«

Yote: Range fro~ .} to .L is represented by ¢
nange from .5 to 1.4 is represented by 1
Panre from 1.5 to 2.4 is represented by 2, atc.
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- TADLE V: Average Days with Hail, Furope (Canf.'d) ) ~ SR ‘3.‘ ,{ 'L.'g ;\.\ \ oY)
. S PR 3t
“ ) ), .S » CEA R AN |

BELGIUM . T & I
.. B ,?ﬁa
Station Yrs . . ‘ To- _ R
413 Arlon i5s » 1 1 1 2 1 1 = « 1 « 1 9
414 Bastogne 15 # 1+ + # 1 1 # « ] # & 1 §
415 Brussels 2 « 1 1 2 2 11 & 1 1 4 11
416 Furnes 19 1 1 1 1 1 # * » =+ 1 1 1 9
417 Iseghen 13 1 1 2 2 1 # #» # » 31 1 110
418 Liege 19 = 1 1 1 1 1 =+ =+ &« 1 1 1 8
419 ¥ons 1 19 = 1 1 1 1 » # «» & 1 « 1 Y7 W\,
420 Yamur 19 * 1 1 * 1 1 * = # 1 0 # "6 N
421 %eufchateau 6 1 = 2 2 1 = 1 1 1 1 # # 30 %
422 Ostende 15 1 1 1 1 @1 # = O 1 2 1 21
423 Spa 13 # # 1 1 1 # 1 % = «# = « 5
424 Turnbout 19 # # 1 1 1 1 # = = 1 # 1 7
FRANCE
Station Irs .
No. Hame Obs Jan Feb Mar Sep
425 Afgoual
426 Aix-en-Trovence
427 Angoulems
428 Artibes
429 Apt
430 Auch
431 Avigrnon

432 Beaucalre
433 Seaulieu
A3k Harrits
435 SBrest

436 Cap 3ear
417 Cap Croisette
438 Cape Ferrat
439 Cape Sicie
LAO Cherbourg

: b4) Cuers

b~ L42 Dunkerque
443 TNe du Levant
4LL La Roche Yon
L4S Le Havre
446 Les Sables-Nolonne
L47T Yort louils
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. TAWIE ¥: Avarzge Days with Hsil, Europe (Cont'd)

»

Germany
Station Yrs, To-
Ho, Kame Obs. Jan Feb Mar Apr ay Jun Jul Aug Sep Oct Nov Dec tal
474 Augsburg 1 0 0 0  #« % % 0 0 0 0 0 1
475 (The) Brocksn L 0 = # # 3} 1 1 # % 0 0 0 &4
476 Cologne 10 * # % Q0 # # #* 0 0 0 * 0 1
47?7 Danzig 7 2 2 1 1 1 » *» #* 1 2 2 2 14
478 Halle A4 Saale 10 0 0 &= &« # * # %" % 0 0 0 1
479 Memal 13 1 # # & # » 0 #* »* 1 1 1 5§
430 Munich 16 « 0 # % 1 1 # % % # & 0 2
L8 Osnabiuck 5 1 1 1 1 1 1 #» 1 o0 = 1 O 8
4,82 %ilhelmshaven 12 # 1 1 1 1 # 0 #* % 1 1 # §
: Y
Czechoslovakia Y
Station Irs. ) To- ey
Ho, Name Obs. Jan Feb Har Apr May Jun Jul Aug Sep Oct Noy Dec tal g S e ~~*"1f
) v ' N {".'.‘ R
433 Donnersberg 22 0 0 0 = 1 1 1 = =% 0 0 0 4
484 Xassa 7 0O 0 0 01 = 0 O O O 0 0 1
485 Prague tnwn, 0 O 0 » 1 # + + * 0 0 0 2
! Poland
4 Station Yrs, To-
| Fo. Fame Tbs, Jan Feb Har Apr May Jun Jul Aug Sep Oct Nov Dec tal
b 495 Posen 29 # # 1 1 1 # # # # & & &« L
3 437 Pinsk Unkowne, 0 0 0 0 1 » = = 0 0 O 0 2 -
{ LE3 Varsaw Unom. O C O * 1 # 1 0 * 0 * & 3
s 489 ¥ilmo Uniowm, 0 0 0 0 V21 0 & » O O O 3
| sustria )
: Station TIrs, To-
L No. Name Cbs. Jun Feb Mar Apr May Jun Jul Aug Sep QOct Nov Dec tal
¢ 49 Innsbruck Unom, O O O O # % 1 #« 0 0 0 O 1
. 491 Xlagenfurt Unikwn, 0 0 0 0 1 1 1 = # 0 0 0 3
492 Sommblick Union, 0o 0 o 0 0 1 1 1 * 0 0 0 3
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491, Debrecen
495 Hereny
495 Pacs
497 Szeged
498 Tatrafured

499 Turkeve

493 Budapest.

sb Yar Apr Kay

Obs, J

- Yrs.

——

Station
No, Name
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500 Arenzin Brijeg

501 Eelgrade

502 Velika Kladusa
5C7 Bosanski Fetrovac
508 Prolog

“503 Kragujevae

504 Mliniste

505 Nis

506 Bosaneld Novi
$11 Vaganski Vrh
512 Zagred

510 Titom Uzice

509 Sansii Most

Irs.
Obs,

Station
No, Name
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"TABLE ¥: Average Days vith Hail, Europe (Cont'd)
- Switzerland - .
Station fﬂ. To-
No. Nams Obs. Jan Feb Har Apr May Jun Jul Aug Sep Oct Nov Dec tal
52 Basel 22 0 ¢« « # 1 1 « & & 0 & + 3
525 Luzern 23 0 0 #&# &« » ¢ ] & =& 0 0 0 2
526 Bern 23 0 0 0 = 1 &« « % & 0 = & 2
827 Geneva 2 O 0 2 % £ & & @« ® & - 90 2
528 1lugano 23 0 0 &« & & &« 1 &£ & % 0 0 2
529 Neuchatel 23 D & &« % # 31 & & & ® 0 0 2
530 Zurich 3 0O O ¢ & & 1 & & & = (O 0 2
Dodacanese {Aezean Sea)
Station Irs, To-
Ho. Name Obs, Jen Pcb Haz Apr May Jun Jul Aug Sep Oct Nov Dec tal
531 Lemnos 4 1 1 1 0 1 o 0 0 0 0 = 1 5§
532 ¥ytilene 4 1 # 0 0 « 0 090 0 0 1 =& 1 3
533 Phiro 13 1 1 1 0 0 Cc 0 O 0 O0 = 1 4
53, Saxos thkn, 2 3 1 #& « 0 0 © 0 0 1 1 8
Itay
Station Irs, . To~-
No. Name Obs. Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec tal
535 Bologna S 0 ¢ 1 0 0C 1 O « = « 99 0 3
536 Catanzaro L 0D « #« 3} 0 0 O O0 0 0 1 0 2
537 Genoca 31 * & 31 & 1 # & & = & & = 3
538 Iglisise 5 3 2 2 21 0 0 0 0 0 = 11
539 Messima 5 1.1 1 31 O 0 DO O 0 0 1 1 6
540 Milan N 0 0 « # 1 1 1 1. = 0 0 5
541 Naples 37 11 1 1 1 « 0 &« =» & & D §
542 Palermo {Sieily) 31 2 2 1 4 & D & =2 s » 1 ) 8
543 Pola Unkwn, * & 1 # &« 0 & # « & 1 1 &
Sul. Rome A1 23 3 0% & & &« & & & 1 6
545 Syracuse Unkom, l] &« 1 «# & 0 & & & & & 1 4
546 Trieste 31 # & & & & 1 1 & & & 1 &
S47 Trente 0 10 0 Y 0 0 0 1 0 1 2 4
548 Sassard Union, 1 1 1 1 # &« 0 &« & » =« 1 §
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Average Days with Hail, Europe (Cont*d)
Bulearia -

TAIE V.

- m——

wﬂ VWVt ¥ NN TN NN
~

E-I---ER-X-F R N-T -
R A-X-E-N'N-F N-R-N-N- N
-X-R MR N-N N N-X-X-R ]
oc:OOnatachﬁ
PP R BTN BTN
ELEERERRE N T.K-ER]
SN gl e
S eI AN MY
L ERE R LT NN
4 ed OO rE ¥ O0Q

T U BOrOH ¥y e OQK Y

2T YPOOORSIE QA OO0 Q

ARARAARARARALN

«us
2 ¢
g 3
222088, % s
oo LAg2Ioaousy
3. talvwv.lhm.lh.
AR RENEasRsTE
..mﬁ.wv\.:x%ﬁ.ssawmlvvv
FRAARR[RANRRKRZT
e ARV ARVl Al A s A a X a N a L a X Ay

Jun Jul jug

apr fag Jun

CObs. Jan Feb ¥ar

Yre.

. "
04 nAe

Station

&ﬂ~ YWy e TN WO
(2R o :

ﬂ_ ol E-R-N I RN B N IR
¢

sesQeyva0rOr,
Sy PQAOIEs IO
ST QOsass ey
asaqosooon0s
PFPIOOIQIOE S
SaMsOMEEEEES
R R R R LI L
MY S e HQOS
MAT S S HAS MO S
AT S E e QO

Mk 3 Y ~NOOY

WEISALIRRARE

g -

£
L o] 15 .Ww.
T % g as5_ 3

-+
<? ) CQ M Nerid o
" K n\uso.dv(s
O @ O & ot .lsrwmo
FEANERSNACL
.n-nDEG.JK.uv"STV

NN - O e~ N

B3ZL8GETITPRER
[T AN AN T a R a N T ANV AN VS VAN Y N VAT AN Vo §

" ~HORG AD
e 'y
(e
I‘.L‘h Al

}:.

Y

o

)

o - e

{‘).
“{_3.
A3

5._~

A

Nl T
phas

.
Y

A

- ’.q‘ '1. ". - ,‘ b{ﬂb A4
- - A ‘.
i iy

g
>

.
-

i

*
.




TARLE ¥I: lverare Days with Hail, aAsia
{including U.5.C.R. in aurope)
Turkey - L

Station Irs.
No. Yame Obs. Jan Teb

L4
[+
[
3
=
N
(%]
(1]
<]

¥
q
o0 +OHOOVOOOWOSDODDOD 2D S L

574 Adana 18
575 Afvon Xarahisar 18
576 Ankara

577 30lu

578 3ursa

579 Corum

80 Diarbekr

%81 Dortyol

482 Edirne

593 Eskisehir

584 Giresun

585 Goztepe

5% Xars

577 Xayseri

598 Kepsut

599 Zonra

590 Xutahra

591 Malatya

592 Sivas

593 Tarsus

394 Urfa

595 Zonguldok -
536 Smyrna

547 Teabzon

.~*~W
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20 PO OOV ROCO A LIONODODO O &
QRO PN IO IO 2000 RO LD RO & 2O 8

F‘
O K 2O B 2’2 220 % M ® L &k a8 |3
OO O HHMRIEGO ENC 2N Sk %N & E

€
ooo‘o#uuuchmotunttuomwtt'5
ooooooooooomto:ao.ooptoul
ooc‘clcotao-c-aotttotocgl
ODOOORC RODOREOO * SO RSO0 R E
O 0000000V OO *xDOD L 2V S E
OO*OHOQOQO‘O#.Q0.0QO@‘O.‘g'

£ 50OHMMODOD 2LO R R e 2\ L
£
N S WWWRNFRWNMIW I B =00 e H?

Jordan

Station Yrs. To-
No2. Xare Cbs. Jan Teb Mar Apr Fay Jun Jul Aug Sep Oct Nov Dee tal

598 Bethlehem 10 « 31 1 « 0 0 0 O 0 D O + 3

Israel

Station Yrs. To-
No. Yame Cbs. Jan Feb Mar Apr May Jun Jul Aug Jep Oct Nov Dec tal

539 Jerusalem 10 &« 1 1 # « 0 0 0 0 D & 1 &

K(TZ: Range from .1 to .4 is reprisented by #
Rangs from .5 to 1.4 is vepresented by 1
Range from 1.5 to 2.4 1s represented by 2, etc,
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TARLE VI: Average Days wlth Hail, Asia (Comt*d)
- U.S. 5. R (Asia) (cort'd)

i

Stztim - rﬂo - T 70-
Yo, tiane Obs. Jan Feb Mar Apr May Jun Juid Aug Sep Oct Nov Dee tal
650 Trodtskosawosk 17 * ¢ O O O &« + « = 0 0 0 1
$31 Vladivostok Unkn. O O ®& 0 <« 0D 0O &« D 0 @« o =

G JAPAY, CKINAGA

Statiom TIrs. To-
Yo. ¥aze Obs. Jan Feb Nar Apr May Jun Jul Aug Sep Oct Nov Dec tal
632 Abasird 18 O D O 0 &« & & O &« ¢« & 0 )
633 tkita 17 # 0 =& 0 ®» 0 O 0 0 & 1 « )]
6% “~date 13 « # &« 1 2 L 4L 1 &« « 0 « 13
635 h 13 0O « 0 &« 0 0 0 0 &« &« & @« «
€36 nnomaki 13 0 0 ## &« « @« ¢ 0D O 0 =« 0 1
637 is1zakizina 23 0 0 0D « 0 « 0 0 0 0 0 O 1
638 Kagosima 2 « 0 ¢« 0 0 0 1 0 0 0 = 9o 1
€39 Xoha 23- 0 0 * « &« p &« % 0 0 O = ]}
840 Kumamoto 23 « 0 *~ « 0 0O 0 0 O C O O =
€41 Kure 23 0 0 «= 0 0 0 0O 0 0 &« &« & e
&2 Kyoto 23 D =+ &« & &« @« 0 0 0 « « &« )
643 Maoka 21 0 0 D 0 0 &« 0 & = 1 &« 0 2
844 Miyazu 23 0D # &« & &« & D 0 0 0 & p 1
645 Hagano 23 0D 0 0 # &« 0 &« &« 0 <« p 0 1
€46 Kagasakd 23 & @« « &« 0 0 &« 0 0 0 * &« 1
647 Nagoya 3 D = « &« p 0 0 0 O 0 O 0 »
643 Naze 2 0O = 0 0 0 0 0 D = O O # =
£49 Kemuro a3 « 0 0 & 0 0 0 0 0 &« « & 3
6% Niieata ) 23 4 & # @« 8 0 & 0 0 & s & ) -
651 Onahama 19 « 0 0D O ®« 0 0 0 0 « =« = ]
652 Osaka 3 s &« = & 0 O D & D D e =& )
653 Sakai 23 *t & e« ¢ & 0 0 0 0 C @& e 3
€54 Sapporo 3 0 ¢« » &« « } & 1 2 1 1 0 7
655 Shikuka 2 D D o ¢« &« & 0 D * « 0 0 1
656 Sutts 5 0O 0o 0 0 0 0 0 O O & & ¢ =»
657 Syanc 5 0 0 D 0 0 O O O D & &« 0 =«
658 Tokyo 23 0 @« « « &« » p 0 O O 0 O 1
659 Urakawa é o o1 10 0 0 0 O D O 1 3
£40 Yokohaza 23 0 D # & 3 e e (o & &« & & ]
FIOMOSA

Ttation Yrs. To-
Fo. Rame Obs. Jan Feb Yar Apr May Jun Jul Aug Sep Cct Sov Dec tal
861 Arisin A 0 1 « D & 0 1 2 & & (o & §
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- - " . - TASLE VI: Average Days with Hail, Asia (Cont'd)

o . - . - "‘::: " '-J\ N A
fe - CHINA _ : ‘ '-c'*.:”-_.ﬂ.gx e
. B} . . - _:: }.‘":%?:.'? '\,}
Staticn " Yrs. T T \ To-- R C LTS AL
No. Name Obs. Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec tal
662 Hankow 13 « # # &+ « 0 « D D 0 D « 1
663 Tientsin 16 0 0 0 #« « &« # # #* 5 0 0O 1
664 Tsingtao n 0O # 0 # « # ¢ 0 « 0 0 0 1
665 Toanan 3 o0 0 O 0O 1 0 O O 0 D 0 1
MANCHURIA
Station Yrs. To-
Ho. Nams Obs. Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec tal
666 Anida 7 0 0 0 0O %« « &« % ¢ D 0 D 1
667 Changehun 10 o0 9 ¢ # 31 1 & ¢ 1 1 0 0 &
i 668 Cjalanjtun 20 0 0 0 O # « &« & &« &« (O D -2
669 Dairen 710 0 0 0 0 # 0 0 0 *» 1 0 0 1
670 Hailar 7 0 0 0 0 « & ] « « 0 0 0D 2
671 Imjanjpo 20 0 0 0D # 1 1 # % ® & p 0 .2
672 ¥anchoul4 9 0 0 0 0 O #« « 1 « 0 O O0 2
873 Mientuho .9 0 0 0 0 1 1 & « 1 « 0 D 4
674 Pokotu 9 0 0 0 0O # # 31 0 # &« &« 0 2
675 Taipingling 15 0O 0 0 0 # 31 # # « # 0 0 2
676 Yenki 7 0.0 0 0 )} #« 0 O *« D 0 D 1
KOREA -
‘ Station Yrs. - To-
H: Name Obs. Jan Feb Mar Apr May Jun Jul Aug Sep Qct Nov Dec tal
b 677 Gensan 15 0 0 0 = & «+» 0D 0 O « D O 1
{ 678 Helzyo 20 0 0 #* & & # 0 0 ® 1-e¢ e 7
] 679 Husan 15 0 0 _» ¢« & 0o & 0 0 « & 0 ]
{ 680 Moppo 15 # 0 # & & « &« 0 & « 1 & 3
a 641 Saisyu 9 0 0 0 0 #« 0 O 0O O O # & «
3 622 Sozan 5 O 0 0 » 0 #« 9 O = 1 0 O0 2
" £33 Tatkyu 15 0 0 « & « « 0 0 & 0 0 0 1
g 684 Tyukan 20 0 0 0 # 1 )1 « « & «+ « 0 3
635 Yukd 15 0 0 0 # « &« 0 & & & e Q0 2
686 Zinsen 15 0 0 #* » « « & 0 & & 1 & 3
697 Zyosin s 0 0 0 = « » O 0 O * & D 1
56
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TALE 7II: Averare Days with Hall, South America,
Africa, Australia

TATLT [Soth America) .-

Statdion Yra.
Ho. Name Cbs. Jan Feb Mar Apr ¥ay Jun Jul Aug Sep

3
?

ey
<
(o8
[
b

698 Concepcion

629 Tonstitucion

690 Centulmo

691 Carico

692 De Caujuenes

€93 T1 Teniente

694 Isla Suafo

695 Isla Juan
Fernandez

695 Isia ¥ocha E.

637 Isla Santa Maria

699 Juncal

499 La Serena

700 Lebu

701 Linares

702 Potrerillos

703 Puerto ont

704 Santiazo

705 Talca

706 Valdivia

2208 ¢80
*000000
*rOCO00O00
so00000
HOOD S 4 s
HMOO k& 8
NeO AM %O
NS EOD R

ERBERBLuB sall KRoRRBEE
292 & 200000000 H2OODOC

P
HOaMAOMO £t 100 HME0 R 2O |+
MeaHEEO * 4000 mnctt-ol
220400002000 HEOOODO E
A O b & kN bl—ltpuup. l

Y- Y- Y- NY-X-X-X-1'X-)
4000 IONHOVDOOR O
tO0O0 L ROAODOOOG
O e ANODOLOOMO
=AM RHOOOD & &
NES RS SEHOO R K
HORM OO & 240 & 8
HEERLKEN PODODO

URJGUAY {South Azerica)

.Station Yrs. To~-
Ho. Hame . Obs. Jan Feb Mar Apr May Jun Jul fug Sep Oct ¥ov Dec tal

707 Serlego 7 ®& o & 0 & 1 1 1 &« 0 & & 4
SITTH _ATLANTIC ISLANDS

Stition Yrs. To~
Bo. Yare Obs. Jan Feb Yar ipr May Jun Jul Aug Sep Oct Nov Dec tal

708 Grytviken,

South Jeorgla 10 2 3 2 3 4 2 1 1 2 1 2 225
709 “ape Pembroke,

Falxdand Isl. 10 2 2 2 & 3 2 2 2 2 3 & 23 2

“0TZ: Ranre from .} to .4 1s represented by ®
Ranee from .5 t0 1.4 i3 represented by 1
Ranee from 1.5 to 2.4 is represeated by 2, etc.
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TABLE VII: Average Days with Hail, South America,
Africa, Australia {Cont'd)

ARGENTINA (South America)

Station Irs. . To-
No. Name Obs. Jan Feb Mar Apr May Jun Jul Aug Sep Qct Nov Dec tal
710 Buenos Aires 19 # 0 1 0 1 # # # « 1 1 « 4
711 Col De Chubut 20 % # 1 # = 1 1 1 « &« 0 0O 4
712 Cordoba 29 * #* # * % 1 1 1 = . &« « L
713 Mendoza 27 1 » # % % & 0 # & & & & 3
714 Tucuman A % % & &« 4 0 0 * 0 ¢ & &« ]
BOLIVIA (South America) '
Station Trs. To-
No. Name Obs. Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec tal
715 LaPas 30 1 1 1 1 #« &« « % 1 1 1 1 8
716 Potosi 5 2 1 1 0 * 0 0 0 0 # 0 * 4
_ 717 Puerta Suvares 5 0 0 0 0 0 0 0 D # 0 0 & =
718 Sucre 30 1 # 1 1 « #+ « & 1 1 1 1 7
719 Tupiza . 5 1 1 # 0 0 0 0 0 0 0 « 1 3
' 720 Gruro 5§ 1 ## 1 # 1 « # # 2 « p 2 8
721 Corocoro 5 1 21 1 » 0 0 1 ¢« 1 1 31
722 Patacamaya 5 1 1 1 1 « -« 1 # 31 1 1 1 9
BRAZIL (South America) -
. Station Yrs, To-
‘ No. Name Qbs. Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec tal
)
b 723 Itatiaya 6 1 11 0 0 0 0 1 1 1 1 1 8
o 724 Maristella 6 0 0 0 0°0 0O 0 0 ©0 0 1 0 1
725 Nova Friburgo 9 +# # 0 0 0 0 0 0 0 O 0 O
e 726 Porto Alegre 9 0 0 0 0 3 0 0 0 O 0 0 0 3
& 727 Pyrenopolis 6 0 0 0 0 0 0 0 0 0 1 0 0 1
N 728 Uraguayana 8 0o 0 0 0 0 )Y O O 1 0 O 0 2
'.! MORCCCO (Africa)
e Station Yrs. To-
b No. Name . Obs. Jan Feo Mar Apr May Jun Jul Aug Sep Oct Nov Dec tal
f 729 Casablanca 6 * 1 « 0 « 0 0 0 0 0 O # 2
@ 730 Marrakech 6 0 *#,1 0-* #«# #« 0 0 0 0 O 12
E,;. 731 Tangier 10 = 1 1 1 % 0 0 0 « ¢ 1 1 6
53
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TABLE VIT: Average Days wiun Hail, South America,
Africa, Australia (M’J)

FRENCH W=ST AFRICA

‘.
b } :
[L: ".'_ - ‘i\}:\\% '\. \'\ ~ ‘\ .]1

*.
Station Yre. To- 4
No. Name Obs. Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec tal ;
732 Xayes 5 00 0 OO0 O DO O DO O O :
733 Fort Etiemme 6 0 0 0 0 D O O 0 O = 0 O =
734 Dakar 6 ©0 0D O O D O O 0 O O0 O O O )

735 Zinder 6 0 0 OD O D 2 1 0 O 0 0 0 3 ;
IVORY COAST {Africa)

Station Trs. To-

No Nane Obs. Jan Feb Ear Apr May Jun Jul Aug Sep Oct Nov Dec tal -

736 Bobo Dloulasse 6 O O O O O O O O O D 0 O O -

GOLD _COAST (Africa)

Station Yrs. ‘Io—

Ho. Name Obs. JanFebl!u_l;_:_l.’mJul_l,xg__g Xov Déc tal
737 Acera " - 15 0 OD O D D O.0 O D O O O O

KENTA (Africa) -
Station Yrs. . To-
No. Name Obs. Jan Feb Mar Apr May Jun Jul Ayg Sep Oct Nov Dec tal

739 Eldama Ravine L‘O_{DO'O’llz'OOL

MOZ/MIICUE (Portuguese East Africa

- Statiom Yre. To-
3 Jo. Nuve {bs. Jan Feb Mar pr Miy Jun Jul dug Sep Oct Nov Dec tal
rl
{ T9lourenco Marques 29 ¢ (0 ® « p & O p * ¢ & & ¢
-l e
A »
] FAENCH CUIWFA (Africa) Nt
b NN
1 Station Yrs. To~ Yo x{ .IW,"::
{ No. Name - Obe. Jan Fab Mar Apr ¥ay Jun Jul Auz Sep Oct Nov Dec tal lathlal
3
L 40 Conakry &6 0 0 0O D OD O O OO DOGODOODO O
; 741 Mald 6 ® 0 0 0O » D 0 O O 0O D O e
P,
3
s 9
! )
r
‘A
r', *
\t
. et s tam et el -.~_ﬂ.-y_, e -._ e :~ , e ‘g R SO
- '.':.:.4:_‘.-.:::‘..‘:':’:- ‘::":I:'::.':‘_x'.::? _-‘r p:_q:-:-x.{Lx ".'-" A.{:J..'!._.-AJ' L‘L@."r_ d_a._.r P 3;_4“4-.).‘1 L~‘—\— h‘l- - ‘L L‘r




TABLS VII: Average Days with Bail, South Aserica
Africa wnd Australia {Cont'd)
¥ou TEALAND ’ o
Ctatien " Yes. )
Lo, Hare. Ds- Jan Teb Har Apr a7 Jun Jul Bug Jep Jet dov ec t
742 Auciland & 0 0 0 0 0 00 0 0 0 0 O
743 Christ Church L ¢ 0 0 = = 0 3% & = & 1 1
7l Dunedin 4 0 0 0 O 0O ¢« « & =« 0 0 O
75 Hokitika - & .0 0 O O > e } * &« 0 3 O
UbInvercargfll . & 00 O O ® ) & & & * 0 O
MT¥iMordSound . & 1 1 0 O O * 1 2 1 1 1
T = 0T AUSTRALIA
748 Sydney S, ) , 4
49 Wyndam S ~ 2
750 Melbourne ) 7
751 Adelaide . ' \ 6
752 Roebourne . b
754 Onslow 1
© 755 Ceduna J 1
e
-
:
¢
L
' 60 c
-\In' ‘-‘ .‘,\ ; -. \ . . ‘-. ‘~.-_‘\: < ;...‘- V. ;\‘ ', - \ R
P ‘A.s.n\. ."L.;_\‘ ‘\__, h X{XL; AR S B WA A ‘.[ IS RGN
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Teernical leport EP-I3, IATL 3101 ANT IISIRTEUTINN, by Tlaazhe 3, 11,
Fecruary 155t.

Title  Crange 157 %o 1-5E

i1 Crange last word 4o statiozs

27 Figure 12 cartion, change Velizh to JNeligh

29 in sixzh ravacrazh, afer Ti-st semtence, change toz The size
of a nailsicze is rore imvortant tkan its speed iz cetermining

ige to both stationary and meving otjecis. Towever,
tne speed of an aircraft inm f2izht is an importast addéitiomal
factor ir cetermining cegree of camage to the aircra’t. Tor
tris reasin . . .

}]

sgure 1o eaztien, change cate to 25 July 163t

s
[&]
[

Statiun . 351, inder Total, change I o 2 - g

b
l.,
A

n
"
o)
s

Station Ni. 397, uncer Total, change 15 0 o

5 ¢ For Statioa . 379, wider Total, change Y tu ¥
2 For 3taticn oo E1W, change line o read:

- 20 ; & = I 2 0 > £ I T 1
c2 Fopr Stetivm lna

Staticn No.

n
w
'
O,
'3

AL For Avilenz, 1S.F, under Annual, change O t0 9
<3 Tor Pocatells, 1-47, under < =, ord, Aug, chanre %0 1
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TASLE VIII: Total Jays with Hail at 25 United States Stations, 1940-&49
(Stations with 125 Days of Hail in 4O Years)

YZARS

ABILENE, TEYAS

Jan, Feb Var Apr ¥av Jun Jul Aug Sep Oct Nov Dec

ANWAL

1949
1948
1947
1946
1945
1944
1943
1942
1941
190
Suns

[+lloNoNeRoNeNoNeNoNale]

Jan

HFIODOOOOONHOOO

Feb

N0 OHOWKHOOM

Mar

R oo RO e

X
2]
e |

IO ONNND KN

[
[

SO0 O0O0ONOWDO

HIQHOOOCODOLOO

HIOMOUODOODOLO

BOISE, IZAHO

May Jun Jul Aue

Qo

OIOOOODONO

NIOOHRDOOOKOO

[N}

NIOHOODOHD O

fep Oct Nov

NiODoDOOoOODONODO

¥
o

Svvernroeoanw

g
3

YEARS

[« leNeNeNeNoRoNoNoNolo]

Jan T

OO OGOON OO

-
1]
35

WMINO O QOO KM IO

Var

WIOoOOOOHOODONO

MIOOHOOWOO KO

SOOI OOMO KO

HIOOOCULUKMDOOOO

(~l{eNoN-N-N-R-N.¥N-N-N-]

QO

[-1l-N-N-N-N-N-N.¥-)

CHEYENNE, “YOMING

Anr May sin Jul Aug Sep

SIOOO MO O MW

Qct

N OHO DO K

Nov

HMOODODOLOLOKODO

Dec

Unornweowan

1949
1949
1947
1946
1945
1944
1943
1942
1941
19,0

Sums

[=lleRoReNoNeoRoNoNeNoRo)

QIO OCOO0OCOC VOOV

NODODOVOODOOO

NN NVDOOOOOO!

Sienoomnvw e e

AW

OIN NI N
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TABLE VIII (cont'd) -

CONCORDIA, KANSAS

Sep (¢t Nov Dec

Jul Auzx

by}

J

iz

Jan Feb Map Anr May

COOOCOO0O~OIN
OOQO0OO0 OO0 OIN
00O HOOO O mmilm
OMOOMOO OO DN
COOONOOOMOIN
OHOOONOOOOIM
201021222o_u
1001)&11&00&“
COMrMOMNM~ADODIN
OO OHO MO N2
-N-¥-N-N-N-N-N-No NI

QOO0 QQOOoQOIo

RRaRRRRARY)

-

DALLAS, TEXAS

ANNUAL

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

pi> - 3

3&27511221”

00.00000000.0
OO0OO0O0O0O0OO0O0O0O0I
CODO0OOOOOIO
COQOCOOO Ol
OCO0OOOOOCOmAIN
O0O00O0O0O0O0O IO
CO0O0OO0OQOC OO~
1303000100_8,.,
HONNNOO OO O
RO it O O N

COCHNOOOOOIMm

X Y-X- - -

DENVER, COLORADO

s

ANNUAL

Jan Feb Mar Aor May Jun Jul Aug Sep Oct Nov Dec

L352875lﬂklnﬁ“

COO0OO0OO0O0D0OOOON
COO0OOQ0OAOO OO
OO0 O0O0O0O OO
QOO MOOO OO NN
HAOOONAO~ON
HANOONO~MOID
1100&21102.H
HMOANOMONO~ I
OQONOSRO~~ON
OCQCONOOOOOOOIm
D000 O00OOOOCIO

QOO0 O0O0O0OOCIO
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TATLE VIIT (cont'd) - : S d

- DES MOINES, TOWA

YEARS ° . Jan Fep Mar Apr May Jurn Jul Aup Jen Oct ¥ AMVUAL

1949 0
1948
1947
1946
1945
1944
1943
1942

194
1940
Sums

OO QOOOOMODO
olocoococo000000
OO HNMMNOOO
PIOOOIHWOONOQ
NOQOOWNDODNOO
SIONNOOHHMHH
WOWOO OO O~
FIOROOHMEFQOOO M
HMIOMODODODOOO
woomooohooo
NMOooOONMODDOM |3
moooabcoaoo'g
Blowrwawruwne

DODGE_CITY, KANGAS

¥
o

YEARS Jan Feb Mar Apr May Jun Jul Aug Sep Oct Wov

1949
1948
1947
1946
1945
1944
1943
1942
1941
1940
Suns

NRONNNN B

»
*Nuduwawuua E

HIOOOOFROODOOO
MNMOOOHOOOOO W
WHHOHOMMSMMDOO
Rooronmonnes
Bomnomweornom
FINDOOMMDOOO
HOQOOONODODOO
HOODOONODOOO
NIOOORODODO K
HMooODOODLDOO
R-T- XN NN N-¥ ¥ Y-¥-

[
NN

EUREKA, CALIFORNIA

L 3

®  YEARS Jan Feb Mar Apr llay Jun Jul Aug Sep Oct Rov Dec ANNUAL

i

. 1949
19,8
1947
1946
1945
1944
1943
1942
1941
19,0
Sums
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TASLE VIII (cont'd)

HONTANA

HELEEA

-t

Jan Fdb %ar Apr May Jun Jul Aug Sep Oct Nov Dec

YEARS

M 1595652572”

000000000
[« NoRoNoleNalioRolole)le]
OCO0OO0O0CO0O0OHOOI~
COmMOOOOO0O Ol
OO OONO ~O Ol
OMMNO NG MmNk
0112101220ﬁ
10215010233
COOOFHMO OO MM

OCONDOOOO O DIN
(L LR R-N-R N XX 11

- R-R-~K-E-N-R-R-E-R-~1i-]

owsVngm Q
2333323333}

MISSOURL

XANSAS CITY,

Jan Feb ¥uar Apr May Jun Jul Aug Sep Oct Nov Dec
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TARE IX: cont 'd)
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YEARS Jan Feb %ar Apr May Jun Jul Aug Sep Cct Nov Dec
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1943 O 0 0 0 2 50 0 010 O 8
1942 1 2 0 01 D O 2 i 1 10 9
194 ¢ 1 0 2 5111 29010 1%
1940 001 :1 1110 6 0 00 11
Sums 2 35§ 315 5 710 3 2 0 n
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TAILE IX: (cont'd) ROt AR e ATy
RAPID CITY sou:m DAKOTA ’ EORN NS :;%x
- : YR RSy
YEARS Jan Teb Mar Apr May Jun Jul Aug Sep Oct Nov Dec_ ANSUAL [ ' . \ﬁ
1949 0 0 0 1 91013 100 & O 0 O & TN,
1948 0 0 0 5 2171211 2 0 0 O A9 S
1947 0 0 0 0 913 4210 7 3 0 O 50 N
1946 0 0 0D 2 510151 7 1 0 O 2 o
1945 0 01 11 11 1512 3 ¢ 0 O 54
1944 D O 0 012 31317 8 3 1 1 o0 55
1943 © 0 0 0 51U 1512 11 0 O 48
1942 D 0 D 3 5 12 1413 2 0 1 O 50
1941 0 0 0 5 6 71 8 2 0 0 D R
1940 0 0 02 32 271 _6 2 1 0 0 36
Sums 5 T 119 %7118 33 7 2 O 2

SPOKANE, WASHINGTON

YEARS Jan

T e T 2T g N

Feb Mar Aor May Jun Jul Aug Sep Oct Nov Dec AMSUAL
1949 "o 01 01 11 21 110 9
1948 0 0 0 2 2 9 21 0 0 0 O 16
1947 0 0 01 21 4 5 3 0 1 0 17
1946 0 01 0 3 2 01 3 100 n
1945 0O 0 00 5 3 1 41000 -
1944 0 9 0 0 5 6 1 & 1 0 0D O 1”7
1943 ¢6 01 0 2 %51 3 0 2 0 0 u
1942 0 0 0 02 3 5101 0 0 12
1941 0 01 0 5 4 3 8 2 0 00 3
1940 0 00 03 3 5 0.3 0 00 LY
Sums 0 0O & 3 3037 B3 29U 5 2 0 147

SPRINGFIELD, MISSOURT
YEARS Jan Fed .".gr Apr May Jun Jul Aug Sep Oct Nov Dec ANNUAL
1949 1 2 5 41515 11 W% 5 3 2 & .1
1948 0O 0 6 6 9 16 15 7 5 5 3 2 T
1947 1 0 31 1015 8 8 4 7 1 0 oa
1946 1 2 5 412 7 9 9 &4 &4 2 21 60
1945 0 3101 1215 7 413 1 3 0 Vs
1944 1 3 310 8 8-91¥% 2 & 5 0 9
1943 0 1 5 6 1215 3 3 5 5 2 O 59
1942 1*'3 2 7122 7 2 8 3 2 5 1 53
1941 1 0 0 8 4 813 8 5 7 0 2 56
1940 00 6 6 8 5 613 13 00 Y
Sums 1L 45 74 10,111 83 9 47 &1 23 10
7%




TABLE IX: (cont'd) AP

TATOOSH ISLAND, WASHINGTON ’ -

-
¥

n

YEARS Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec . ANNUAL

1949 9 99 0 0 0 0 010 3 o &

1948 2 0 0 0 3 0 0 0 1 0 O O 3

197 O 0 0 0 0O.O O 0 O 1 O O 1

296 0O 0 0°0 0 0 1 0 O O O 1 2

1945 O 0 0 00D 0 O 0 0 0 O 1 1

1944, 0 0 0 % 0 0 0 D 0 2 1 O 3

1943 D o O 0 0 O D O 0 1 0D O 1

1942 o 0 0 O OO D O O O D 1} s N

1941 0o 0 1 01 0 2 0 0 O 2 3 9

1940 0 00 0 0 0 1 2 3 01 3 10

Sums 2 01 0 4 O 4 2 S5 &4 7 9 38

TOPEKA, XKANSAS

YEARS Jan Feb Mar Apr May Jun Jul Aug Sep Oct Wov Dec ANNUAL

1949 2 3 2 31218 7 6 9 K 1 2 - 69

1948 0 2 5 8 71013 5 79T 5 1 1 64

1947 1 0 2 8 612 &4 S 2 6 2 0 i3

1946 1 0 5 2 6 6 5 8 6 3 1 0 L3

1945 .0 0 $ 711 122 8 2 8 3 1 0 57

1944 1 0 4 9 9 9 12,12 3 2 2 O 63

1943 0O 1 0 5 71 910110 1 0 0 4

1942 01 2 9 71 91 7 0 1 1 58

19 1 0 0 6 8 6 9 7 & 6 1 1 ¥

1940 09_2?;2.2_2..5_2_2_1_9.9 %

Sums 6 7 28 62 78100 80 7% 59 37 10 §

VALENTINE, XANSAS

YEARS Jan Feb Mar Apr May Jun Jul Aug Sep Oct Wov Dec ANNUAL

1949 0 011 8 9 9 9 8 5 0 0 50 .

1948 0O 0 0 1 23210 7 6 1 0 O &0

1947 0O 0 0 4 612 8 5 4 3 0 O &2

1946 0 0 0 4 2 511 911 3 0 O IV

1945 0 0 1 1 6 810 9 2 0 O O 37

1944 O 0 0 013 81 9 1 0 O O ¥

1943 0O 0 0 3 613 1610 2 1 0 O n

1942 0O 0 2 4 815 16 8 3 2 0 O 58

1941 0 0 O 6 8 61010 6 3 0 O 49

- 1940 0 o 3 2 10 12 10 1 0 0 T x:
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TASLE X3 HATL CAUSLIG DAMAGE® 70 ILS.i.F. ATRCRAFT IN FLIGHT, Jan, 1946 thru ¥ay 1948

i f’.mt:aa ‘ Yeather )
Type Location Date Tire a )
- (t.) T

P-51 S mi, S5 3ellville, 11. L/7/6 1500 2,000  10/10 altrostratus bases at 12,000%; lower
5/10 cumulus, bases at 5,000%. Ziight rain
showers, .

C-47  Stuttgart, Arke 5/12/47 20L3C 25,000 Thunderstam.

C-L74 1S mi, VE Greely, Colo.  5/8/L& 1£55: 8,500 Scattered thunderheads in area, Rain show-
ers, ceiling 1000%, visibility 3 to S mi, -
TA-263 Tonda, Iowa €266 1BLSC 5,500 - Cwmlus clouds and thunderstorms in area,
) . Slow-toving cold front vith cumiloninmbus
activity in front of stom,

5-25] 10 mi, NE Springfield,Ma. L/6/B 203E ——  Thundersioms in vicinity,

A-26C 35 mi, NE Fine Auff, L/8/k8 1600C L,000 Scattered thunderstorns with 12(3* ceiling,
Ark. heavy rain storms, siratocurmlus and swell-
ing cizulus bases 3,000 to 4,000, tops
6,000 to 10,000?,

C-47D  Clovis, llew MNexico 5/10/L8 2015 6,000 Thunderstors obscured by scude and clouds
) at night, .
3-294 L0 ri. = of Dellas, 10/30/L7 0100C 12,000 2/10 altostratus clouds 17,000, lower
Texas, 2/10 stratocamulus, bases L,Ow', tops
5,000%, Scattered thunderstorms ahead of
cold front,

#62,5% ¢f aireraft sustained rajor éxage.
Source - The Inspector General, Xeadquarters, U,S5.i.F., Washington, D. C.
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TASLE XI3 EAIL CAISTIC DAMAGE® T0 U.S.4.F. ATRCRAFT T% FLIGHT, June 19L8 thrm May 1950+

. Cloud Clond
_Flight ' Sase Top
Altitude Turbulence MSL M3L Weather Conditions Resulting Tarage to Adircraft
ISL (ft.) [Encountered (ft.) (ft,)  in Area of Kajl

5000 Severe 30¢CC 10,000 Zroken rmulus astrodmme dested. Red pese-
clouds 3000¢ to ing light and pilotfs wind-
10,00CY., Hail, shield troken, Leading odge
of e2sh wing dented,
8000 Unknosm 9000 Unk,  Rain showers be- R/L windshield troken. Lead-
neath clouds with ing edge of each wing and
hail, edges of vertical and horison-
tal stabllizers extensively
. dented. B
30,000 Violent Un¥. Ahove Lowering curulus, Damaged air ducts, leading

30,000 4ail storm 4n front.  edge of each wirg & edges of
vertical & horisontsl stab-’
114zers extensively dented,

Cvercast, lightning Xose covl & wing tips dented

‘in thunderstora.Hail., & lights woken.leading edge
cf each wing % edges of ver-
tical % horizontal stabid-

- izers extensively denied.
-
25,000 Moderate Unk, thk, . Thunderstorn and Alr cucts dented. Leading
’ ' hail, edge of each wing znd edges

of vertital and norizomtal
stabilizers extensively

dented,

17,000  Thsnown SS00 25,000 S5S00' overcast.  Cowl, ignition harness & wind-
Hail beneath base shieid damaged, Leading edge
of clouds, of each wing % edges of ver-

tical % horizontal stabilis-
ers extensively dented,

-

~<B1Z of aircraft sustained rnajor damage, Source - The Inspector Genersal,

i:-j-rSee notes at end of table Hesdquarters, U.5.i.F., sashington, I, C,
@
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TAZGE %7  HATL CAISING DAYAGE 10 U.S.A.F, AIRCRAST 2 FLIGHT, June 1948 ihru May 395C {cont.)

3-293

Cloud
Flight Pase
Altituze Turbulence ¥SL
Type MSL (4.} Sncountered (ft,)
AT=-11 7000 Caver: “rk.

. 3294 16,000 Severe Tk,
F-82E 25,000 Severe Tnk,
3-29A 10,000 Severe Unk,

9000 Yone Urk,

25,000

tnk,

(£t.) Weather Conditions Resulting Damage to i ora®™

lowering curulus

tlouds, rain and hafl, light broken.

troken clouds, Alr-
craft passed between
two sections of ver-
tical development,

Stratiforn clouds,
no evidence of thun-
cderhead,

Lightning, clouds
lowering cumalus
and curmulus nimbus,

Thunderhead, rain,
an? hail, Alrcraft
flew into the roll
edge of the thunder-

stox"!‘..

Thunderstomn

Flexiglas nose and passing .
lLeading edge -
of each wing and edges of
veriica) and horizontal
stabilizers exteasively

dented,

Ing. Ting, cowling, distrid-
utor rousing and tubing,
Leading edge of each wing
and edges of verticsl and
horizantal stabilizers ex-
tensively dented,

Ar scoops and yrop. spin-
rers damaged, Windshield
broken, Leading edge of
each wing and edges of ver-
tical and horisontal stab-
1lizers extensively dented.

Dents in twwret cover.
Derits in nose section and
all engine cowlings,

Dents in igniticn warnifold.
Aroken cooling fins ~L en-
gine., Llewling edge of
each wing end horizontal
staciligers extensively
dented.

Tamage to 28 cylinder.

Jents in propeller cuf’s,
Jarage to all ignition
hzrnesses, leading edge

of each wing and edges of
vertical and horizontal
stabilizers extensively dented,
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TAZS XT: HAIL CAUSTNG DAMASE 70 T.S:A.F. ATCARST N FLIGET, June 19LS thra ¥ay 1950 (comt.) . .
Clout Clowd
Flight 3ase  Top
Adreraft Altitude  Turbulence M. D Aeather Conditions T
2roe MSL (ft.) Trcountered {ft.} 7%, in Ares of Hail Res:2ting Damage to Alreraft
3.25J 6000 Severe Tk, =k, Zold fremt thunder-  Nose sectior cracked. Tatl
storm. Zeavy rain, surfaces dazaged, Wind-
Zal) size of golf shield shattered, Leading
talls. edge of each wirg and edges
of vertical and horizontal
stazilizers extensively
dented, -

324 S000  one 6000 13,200 Scatiered clouds, Leadirz edge of each wirg
1ig=t rain showers, and edges of vertical and
rz41 encomtered horizcntal statilizers

. Telow rain, extensively dented,
~ 7173 5000  Severe ¥, Tk Feary rain, thun- 1/R de-icer boots torn, ofl
- derstor=. Eail em-  cooler falling, and 1, 2, 3,
T countered eatering and l: cardburetor intake
- cold frest, daraged, astrodome btroken.
. 3 Windahield Yrcken. leading
r edge cf each wing and edges
- of vertical and horizctal
o stabilizers extensively
- dented.
3259 L00o k., k. Trx. 1ight rain changing  Astrodore cracked, Lead-
- %0 rail. ing eizge of each ving and
edges of vertical and hori-
[ zontal stabilisers extens-
o ively dented. -
-
. 3532 6500 light ~ Tk, Tk, Thundersterm. Heavy L prop spinners damaged,
F %zil storm, In hald

De-icer hoote on props de-
stroyed, Holes in radar
deme.  Leading edge of sach
ving and edges of vertical
and Lorizontal stabilisers
extensively dented.
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Cloud Cloud
Flight Base Top
Aireraft Altitude Turbulence !SL MSL Weather Conditions
Type 1SL (ft.) ZEncountered (ft.) (ft.) in Area of Hail
3-25J 9000 Light 5000 Unk, Thunderstorms, Hail
- encountered 2 mi,
in front and L mi,
fron center of
thunderstorm.
T3-25J 12,000 Yoderate  lnk, Unk, Thunderstoms all
to severe quadrants, Sleet,
snow, and hail.
TB-25J 7000 Light Uk, Unk, Thunderstorns,
Hall encountered
below storm.
TB-2%J 5000 Moderate 2000 10,000 Thunderstorrs,
Hail encountered
near edge of storm,
T3-2%J ~ 12,000 l‘oderate Unk, k. Broken clouds,

Thunderstorrs.,

Hail encountered in
area between 2 thun-
derstorms 1000t be-
low,

TARLE XI3 HAIL CAUSDNG DAMAGE 70 U,S.A,F. AIRCRAFT I FLIGHT, June 2918 thru Xay 1950 (cont,)

Resulting Damage 4o Aircrafs

Rt. & L, windshields cracked
and broken, lLeading edge of
each wing and edges of verti-
cal and horizontal stabiliz-
ers extensively dented, Land-
ing lights troken,

Plexiglas nose hroken and
cracked. 1, landing light
broken, leading edge of each
wing and edges of vertical and
horizontal stabilizers extens-
ively dented,

Alr ducts damaged, Leading
edge of cach wing and edges
of vertical and herizontal
stabilizers extensively dent-
ed. -

lose glass cracked and wind-
shield cracked., Leading

edge of each wing and edges

of vertical and horisonial
stabilisers extensively dented,

R/L outer wing panels badly
dented. R/L ignition harness
cracked. R/L landirg lights
damaged, Leading edge of each
wing and edgea of vertical and
horisontal stabilizers exiens-
ively dented.
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% TARLE XI: HAIL CATSTNG DAAGE 7C U.S.A.F. ATRCRAFT I FLTHT, JSune 1948 thru Yay 1950 (cont.)

Cloud Cloud
. Flight Jase Top
. Adrcraft Altitude Turbulence ¥SL ISL Weather Conditions
. Type 6L (£t.) Encountered (ft.) (ft.) in Area of Hail Resulting Damage to Aircraft
c-74 6500 Severs bk, Ink, Stratus clouds ob- Rt, elevator fabric ripped and
scuring thunder- punctired,
" heads,
el TB-257 11,000 Severe 6000 14,000 Zroken cleuds cwu~  Flexiglas nose broken and
- lus, Thunderstorms  cracked. L/R landing light ~
in ares. glass cracked, Cowl assenbly
slightly cented. Ignitor
harness-dented, Slight dents
in leading edge of air folils,
+ o C-4TD 1500 Tone 5500 Thk, Thunderstorrs in As*rodore broken, holes torn
o : area, Hail storms in elevator fabrie, Broke
encountered in right landing light, A few
1ight rain, dents in leading edgs of air
foll,
c-47D B500 Yone 9500 Urk, Raln showers, Hail  windshields shattered and
k encountared on astrodorie broken, Nose sec-
fringe of rain, tion dexnted. Hole in fabric
of elevator, 3Slight dents in
leading edges of air foils,
9] 5-257 8000 None Unk. &k,  Rain showers in Flexiglas nose cracked, R/L
. area, Hail oceurred wing landing 183ht xlass
o in light rain shower, broken, Glass in uppesr wind-
' shield “roken out, Leading
. edges of air foils dented,
. IO

-

1. Duration of flights in hailstorms were estirated at between 25 seconds and 3 rinutes,

2. Some degree of turbulence was observed each tire that hail was encountered within a hai’stom.

M turbulance was experienced uhen hail was encountered beneath cloud bases and in light rain,

3. In each instance, dimage was iniliicted on Zeading edges of both wings and leading edges of both
“. horizontal ard vertical stabilizers, with or without additional danage to other areas,

— e
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Map 6. Eastern Asia — weather station locations
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Australasia -- weather station locations
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